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QE/C 71- 

REPORT BRIE 

Re 

I. 

CYCLE LIFE TEST 
OF 

SECONDARY SPACECRAFT CELLS 

: (a) NASA Purchase Order Number W1:2-397 
(b) NASA ltr BRA/VBK/pad o f  25 September 1961 w/BWEPS f i r s t  

end FQ-1:WSK o f  2 October 1961 t o  CO NAD Crane 
(c)  Prel iminary Work Statement f o r  Battery Evaluation Program 

o f  25 August 1961 
(d) NAD Crane report  QE/C 70-687 o f  20 September 1970 

TEST ASSIGNMENT 

A. I n  compliance w i t h  references (a) and (b) , evaluation o f  
secondary spacecraft ce l l s  was begun according t o  the program out- 
l i n e  o f  reference (c). .This seventh annual report  covers the cycle 
l i f e  tes t ,  the t h i r d  phase o f  the evaluation program o f  secondary 
spacecraft ce l l s ,  throug,h 14 December 1970. The acceptance tests  
and general performance tests ,  the f i rst  and second phases o f  the 
evaluation program were reported ea r l i e r .  The purpose o f  the 
acceptance tests  i s  t o  insure t h a t  a l l  cells put in to  the l i f e  
cycle program meet the speci f icat ions ou t l ined  i n  the respective 
purchase contracts. A l i m i t e d  number o f  ce l l s  o f  each type 
(usual ly f i v e )  are subjected t o  the general performance tes ts  t o  
determi ne t h e i r  actual capab i l i t ies .  These reports may be obtai ned 
from National Aeronauti cs and Space Admi n is  t r a t i  on Sci e n t i  f i  c and 
Technical Information Div is ion (Code US), Washington, D. C. and 
from Director,  Defense Documentation Center, Cameron Station, 
Alexandri a, V i  r g i  n i  a 2231 4 e 

B e  This evaluation program gathers speci fi c i nformati on con- 
cerning c e l l  performance character is t ics  and l im i ta t i ons  which i s  
used by spacecraft power sys tern planners designers and integra- 
t i o n  teams. Weaknesses discovered i n  c e l l  design are reported and 
a i d  i n  research and development efTorts toward improving the r e l i -  
hili ty o f  space ba t te r ies  e Fai lu tes encountered i n  s a t e l l i t e  
programs such as IMP, NIMBUS, OGO, OAO , SAS , and TETR have been 
studied and remedied through speciT1 tests  performed a t  NAD Crane. 

I I .  TEST OUTLINE 

gan the cycle l i f e  
ed by NASA. The c 

seven sample c 
Since then 90 



tested. Envi ronmental condi ti ons i ncl ude anbi ent temperatures 
of -20' C, 0" C, 20" C, 25' C, 40' 6, 50' 6,  and a cycling temper- 
ature of  0" t o  40' C w i t h i n  a period of 48 h o u r s .  A "Summary i n  
Brief of Test Paramete lsted on page i v .  

11 I.  TEST RESULTS 

A. Life cycling da ta  shws t h a t  n~cke~~cadrn=ium 

perf o rrnan ce de c re as es w i 

a t  0' C give longer cycle l i f e ,  higher end-o 
and less degradation of a ere- hour capaci ti 
a t  25' C o r  40' C. Overa 
i n  the depth of  di  ures. Cell cycle 
l i f e  is extended w limi ted t o  the 
foll  owl  ng amounts : 
125 percent a t  40" 
by rechargi ng a t  ra 
recharge c o n t ~ o ~  led 
cou 1 om ters . 
and cause of 
ence ( d ) .  

rcent a t  25" C and 

cadd umcadmi urn 
cycle predi cti on 

given i n  refer- 

8.  Cycle l i f e  data =is l%mited on s i  

scharge :: Longes - 
h'ile-40 t o  50 p 



2. T 
a t  0' t o  25' 
of five packs 
cycling. Limited data a t  -20" C indicates sh 
temperature. * T h i s  i s  exenplified i n  pack 858 
days. 

3. Orbit Pe od: The o rb i t  period for silver-cadmium 
cells i s  predominate 8 or 24 hours .  The failures a 
to  either regime u n t i  1 the packs exceed 660 days (approximately 2 
years) of testing. 
distributed between the o r b i t  regimes. Four of f ive packs (57D, 
77B, 33B and 113B) exceeding 660 days have operated under a 24-hour 
orbi t  regime. Thus the longevity o f  the silver-cadmium cells is 
favored by the 24- hour orbi t period e 

Failures pr ior  t o  this time on tes t  am random 

C. The silver-zinc packs were predominantly 24-hour o rb i t ,  40 
percent depth of discharge a t  25' C. Thus comparison of operational 
characteristics o f  the cells a t  different parameters is not possible. 
The basic conclusion i s  t h a t  silver-zinc has very short l i fe  under 
these conditions ranging from 32 t o  325 days o f  cycling--the average 
being 120 dqys e 

D. Cell fa i lure  analyses have shown several failure modes such 
as l i t t l e  or no Insulation around tabs and busses, ceramic shorts 
across the terminals , and leaks around the tem'nals w h i c h  since 
have been corrected. A better separator material is s t i l l  needed 
t o  extend cycle l i fe  of cells. Better quality control programs i n  
the manufacturers' plants would do rmch t o  eliminate or minimize 
failure due t o  misaligned separator material, blistering of posi- 
tive plates, ragged plate edges and extraneous material both 
active and foreign. 

through xvi i i  
E. A l l  acti ve and coiipleted iacks are l sted on pages vi 

The syrrbols used are explained on pages v and v i  e 
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E X P L ~  OF SV 

* Anbient temperature which varies sinusoidally from 0' t o  
40' C once per 48-hour period. 

2. Special Symbols: 

E :  Auxiliary electrode cells. 

AE-E: General Electric type. 

AE-GU: Gulton type. 

AE13: General Electric type A613. 

AE14: General Electric type AB14. 

ASTRO : As tropawer Laboratory, McDonnell-Doug1 as. 

CC: Comnercial cells. 

CHSP: "Chemorb" separator. 

CLM: Coulometer i n  series w i t h  cells t o  effect charge control. 

CO-NI: Nickel-cadmium cells w i t h  cobalt additive t o  nickel- 
plate. 

CPSP: Cellophane separator. 

CSSP: C3 separator. 

FRS : Folded, vu1 canized neoprene, terminal t o  cover sea 

IM: Cells w i t h  improved material and methods used i n  construction. 

IPO: C @ ~ l ~  containing an 1 nternal pressure devi ce. 

~~T~~ Pack contains ulometer and cell w i  and without 

*: o n t a i ~  cells w i  



LSP:  ello on se~ara tQr .  

e ternfinal to co 1. 

RCPSB : Radi ated cellophane separator. 

RS: Vulcanized neoprene temri nal t o  cover seal e 

SAS: Small astronomical satel l i te .  

ST: Stabistors used for charge control of cells. 

TETR: Test and trai  n i  ng sate11 i t e  . 
THER: Thermistor controlled voltage limit. 

WNSP: Woven nylon separator. 

2SR: Two-step regulator used for charge control of cells. 

3s: Triple seal between terminals and cover (ceramic between 
glass). 

3. Date Completed: 

D: Discontinued 

F: Failed 
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I NTRODUCT 

~ o n s i d e r ~ l e  rese ch i s  being done 
r e l i a b l e  means o f  s t o  ng e l e c t r i c a l  en 
Rechargeable c e l l s  o f  r one such means 
Crane has been tabl ished i n  order t o  
ce r ta in  types Q ce l l s  and t o  obtain pe 
as an a i d  t o  t h e i r  continued improvement. 

This seventh annual report  covers the cycle l i f e  tes t ,  the t h i r d  
phase o f  the evaluation program o f  secondary spacecraft ce l l s ,  
through 14 December 1970. The purpose o f  the cycle program i s  t o  
determi ne the cyc l ing  performance capab i l i t ies  o f  packs o f  ce l l s  
under d i  f f e ren t  load and temperature conditions e The acceptance 
tes ts  and general performance tests the f i r s t  and second phases 
o f  the evaluation program, were reported ea r l i e r .  

and f a i l u r e  cl 

A summary o f  the resul ts  o f  the l i f e  cyc l ing program i s  given 
i n  t h i s  mpor t .  Conplete data and graphs are avai lable upon appl i -  
cat ion v i a  NASA TechnBcal Of f icer .  The appl icat ion w i l l  inc lude 
informat ion on exact ly what data i s  required; the use t o  which the 
data w i l l  be put; appl icat ion deta i ls  inc lud ing o r b i t a l  descrip- 
t i on ,  charge control  methods, load requirements etc.  as appro- 
p r ia te ;  name and address o f  the a c t i v i t y  t h a t  stands t o  benef i t ;  
name and telephone nunber o f  the res pons i b 1 e i ndi v i  dual concerned ; 
and the a f f i l i a t i o n  w i th  any Government agency as contractual 
arrangement. 

sealed, nickel-cadmium ce l l s  purchased by NASA. The ce l l s  were f r o m  
four  manufacturers and: consisted o f  seven sample c lass l f i ca t ions  
ranging fmm 3,O t o  20 ampere-hours Since then 908 nickel-cadmium, 
174 silver-cadmium and 105 s i l ve r -z inc  sealed ce l l s  from several 
manufacturers have been added t o  the program, The capacit ies of 
the n.9 ckel-cadmi um ce 

During Decenber 1963, t h i s  a c t i v i t y  began the cycle t e s t  on 660 



i ncl  ude airbi ent  temper- 
nd a sinusoidal cyc l ing 

The ampere-hour capacity o f  each pack, a t  i t s  spec i f ied t e s t  
temperature, i s  measured i n i t i a l l y  and every 88 days o f  continuous 
cyc l ing  unless otherwise speci f ied,  Each pack being checked i s  
discharged immediately a f t e r  the end o f  the regular cycle charge 
period, a t  the c/2 ra te  (c  being the manufacturer's ra ted capacity) 
t o  a c u t o f f  o f  1.0 v o l t  per  c e l l  average, o r  t o  a low o f  0.5 v o l t  
on any one c e l l  , o r  a combination o f  the two. The pack i s  then 
recharged a t  the c/10 r a t e  f o r  I6 hours and then discharged again 
as above. Before being returned t o  regular cycl ing,  the ack i s  
given a 16-hour charge (48-hour p r i o r  t o  14 December 1969 P a t  the  
c/10 rate,  w i th  the regular on-charge cyc l ing voltage l i m i t .  The 
sumnary o f  the  capacity check resul ts  w i l l  l i s t  only the amount 
obtained on the second discharge (Disch #2) unless otherwise noted, 
A l l  other capacity checks not  noted t h i s  wqy receive only one d is-  
charge which i s  run a t  the cycle r a t e  t o  1 .O v o l t  per c e l l  o r  0.5 
v o l t  on any one c e l l  o r  a combination o f  the two, and then recharged 
a t  the  regular cycle ra te  p r i o r  t o  being returned t o  automatic 
cycling. 
1.20 and 1 .lo vo l ts  per c e l l  average have been in te rpo la ted  from 
e x i s t i n g  data. This has been done f o r  f i v e  packs (24C, 488, 608 
78A and 1018, see Figu s 1 and 2). The T i  rst three packs (Figure 
1) were 6.0 ampere-hou n i  ckel-cadmi um ce l l s  i n  a terrperature 
cyc l ing  regime. The other c e l l s  were 12 a ere-hour nickel-cadmi um 
c e l l s  operating a t  40" and 0' C respective e A l l  these ce l l s  were 
manufactured by Gulton. (See vreport b r i e f s  pages v i i  through xvi  i f  
f o r  f u r the r  i nformati on on parameters . ) 

By d i rec t i on  o f  Goddard Space F l i g h t  Center capacities t o  

l u re  when i t s  termi nal v o l t  
i n g  a regular discharge-eha 

l e t i o n  o f  a recorded 
s remaining i n  the pack con- 

the c e l l s  have f a  l e d  c o f l s t i t u t ~ n g  

2 



recombi nati  on electrode vol tage cod  om ter vol tage and pressure 
transducer voltage. I t  l t h e n  converted t o  absolute values and 
stored on magnetic tape for data analysis and future refepence. As 
o f  3 May 1970, a new data collection format went i n t o  effect. An 
outline of this format Is as follows: 

FREQUENCY OF RECORDINGS DURING CYCLE LIFE 

D i  s ch arge/Charge 
Cycles 

1.5-HOUr 3.0-Hour 

1-16 1-8 

17-976 9-488 

977- 2384 489 -1 19 2 

8.0-Hour 

1 

2- 48 

49-120 

I 

1 

2- 56 

Frequency o f  
Recordi ngs 

2-mi nute readi ngs each 
cycle for 1 day 

2-minute readings one 
cycle every second day 

2-minute readings one 
cycle every fourth day 

8 

Recordi ngs* 

first cycle 

one cycle every 2 days 

one! cycle every 6 days 

Recordl rigs* 

one cycle ,eve 

e every 2 weeks 

Number of 
Recordi ngs 

l .fi-Hour 3.0-Hour 

16 8 

30 30 

22 22 

8.O-Hour 

1 

8 

4 

24-Hour 

1 

8 

4 

3 



On succeedi ng 
every 30 days, 
ings  ere recorded 
After removal of 
cycle every 30 days. 

ERATURE CYCL1[NG--OO t o  40' C 

Data of a complete 48-hour terrgerature cycle i s  recorded every 30 
days. Dur ing  this time, data recordings o f  the 90-dnute cycles 
are every 2 minutes for  cycles 1 ,  16, and 32; and every 10 minutes  
for  a l l  intervening cycles as shown be lw:  

Discharge/Charge Frequency o f  
Cycl es Recordings 

1 2 minu tes  

2-15 10 m i n u t e s  

16 2 minutes 

17-31 10 minutes 

32 2 minutes 

Each succeedihg recording has the s t a r t i n  t i m e  o f  the "32-cycle 
period" advanced by one cycle (90 minutes s ; thereby requ i r ing  a 
total  o f  16 monthly recordings for a complete coverage of 2-minute 
readings th roughou t  the temperature cycle. 

Prior t o  3 May 7970, data was recorded on each pack every 32 
cycles for the 1.5- and 3.0-hour o r b i t  periods every 24 cycles 

period, every 6 cycles fo r  the 12-hour 
8 cycles for  he 24- hour orb4 t peri od. 

4 
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TESTS IN ADDKT1 

The following tes have been, or are b i n g  performed 
Crane. The results a reported by Crane u less otherwise 
speci fied and copies of data are avai lable on reques t to  the NASA 
Technical Officer. 

A, Acceptance Testing: These tests are conducted on cells 
ranging i n  capacity from 1.25 t o  100 ampere-hours. The tests con- 
sist of: (1) general ins ection, weighing and leak checks, (2)  
three capacity checks, (3 ! cell shor t  t es t ,  and (4) overcharge tes t .  

B. Separator Testing: Separator tests are conducted on all 
types of  separators including pellon, cellophane, polyprophylene, 
various materials by RAI , and ceramic material. The tests are 
performed i n  three mdes: (1) constant current charge, (2) con- 
stand potenti a1 charge, and (3) 30-day stand w h i  l e  i n a charged 
state.  To date these tests have been limited t o  silver-zinc and 
silver-cadmium cells of the various manufacturers. The cells 
undergoing separator tests are reported by Goddard Space F l i g h t  
Center. 

C . General Performance Tes ti ng : General performance tes ti ng 
h a s  been conducted on cells ranging i n  capacity from 1.25 t o  20 
ampere-hours. To date these tests have been limited t o  nickel- 
cadmium cells. A l l  major manufacturers have been represented. 
The t e s t  consists of: (1) random vibration, (2 )  sinusoidal 
vibration, (3) mechanical shock, (4)  acceleration, (5) charge a t  
varying rates from c/10 to  2c w i t h  discharge rate constant at  c/2, 
( 6 )  charge a t  constant rate previously determined t o  give maximum 
capacity a t  individual temperatures ranging from -20' to 40' C w i t h  
discharge rate varying from c/20 to  2c, and (7) overcharge test. 

D. Synchronous Orbi t  Testing: These tests have been performed 
on 6 and 12 ampere-hour nickel-cadmium cells and 5 ampere-hour 
silver-zinc. The t e s t  h a s  a 180-day cycle consisting of 140 days 
of trickle charge and 40 days of discharge-charge. The discharge 
time i s  12 minutes the first day, increasing 3 t o  4 minutes each 
succeeding day, reaching its maximum of 72 minutes on the 1 8 t h  
dqy which is  m ~ i n t a i ~ e d  each day through the 25th. Beginning w 
the 26th day the discharge time is decreased 3 t o  4 minutes per 
day u n t i l  i t  has returned t o  the 12-minute minirmm on the 40th day. 

7 



E e Interplanetary Moni 
perfoamed on bat 
IMP s a t e l l i ~ e s  E d G. The t e s t  

r d  the respective s a t e l l i t e s  and are 
o r b i t .  The c e l l s  making up the ba 
i n  capacity from 3 t o  10 ampere-ho 
w r i t t e n  by Goddard Space F l i g h t  Center. 

invo lve s i l ve r -z inc  and s i  lver-cadmium c e l l s  and consist  o f  three 
d i s t i n c t  programs, 

F. J e t  Propulsion Laboratory (JPL) Testing: These tests  

1 . Program i nvol v i  ng storage a t  d i  f f e r e n t  temperatures : 
This ser ies o f  tes ts  include: 

and storage a t  temperatures rangi ng from -51O t o  

a tum s tab i  li zat ion a t  mom temperature (25" C) , and (d) l i f e  
cyc l ing a t  room temperature. 

(a) capacity check upon receipt ,  

discharge fo l lawing removal f r o m  storage and temper- 

2. Program invo lv ing  l i f e  cyc l ing  only: This ser ies o f  
(a) general inspection, weighing and leak tes t ,  tests included: 

measurement o f  in te rna l  resistance, (c)  capacity tests ,  and 
automat i c cycl i ng . 

3. Program invo lv ing  sustained high g-levels: This t e s t  
consists o f  subject ing s i l ver -z inc  cel ls, o f  varying capacity t o  
charge-discharge cycles whi le  being subjected t o  high g-levels. 
The tes ts  are conducted on both the sealed and vented types o f  
ce l l s .  
and a lso on those containing normal amounts o f  e lec t ro ly te .  
Sustained g-levels applied t o  the c e l l s  during charge-discharge 
are 1.09, log,  209, 309, 509 and 759. 

Further the tes t i ng  i s  performed on cells t h a t  are starved 
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loss i n  grams be 
the a t  a t  the time o 
losses o f  less than one gram are not considered ( s l i g h t  gains rn 
occur from traces o f  solder l e f t  on the c e l l  terminals). 

De os i ts :  
na 

Carbonate deposits, a t  a po in t  o f  leakage such as 
a t  a ---%iTl t e  o r  seam; o r  corrosive deposits located under the 
top por t ion  o f  the c e l l  case around the seam and the terminal tabs. 
Deposits are removed p r i o r  t o  weighing as o f  14 December 1969. 

H i  h Pressure: S ign i f i ed  by a bulged c e l l  case o r  by a h iss ing 

time the c e l l  i s  opened although the bulge indicates i ts  presence 
a t  some e a r l i e r  time. 

o f  escape -eb-7i. gas w en c e l l  i s  opened. It may not  be present a t  the 

Concave Sides: Refers t o  rectangular ce l l s  only. The sides o f  
the can are made permanently concave by the higher pressure o f  
neighboring c e l l s  i n  the pack. This sometimes causes a shor t  
bebeen the case and in te rna l  elements. 

Weak Meld: An inadequate weld, as determined by the mechanical 
strength o f  the bond. The pieces separate, without tear ing  o f  the 
m t a l  , when pu l led  apart by the f ingers.  This may be a t  a tab-to- 
p l a t e  connection, a tab-to-cel l  case connection, o r  a tab-to-terminal 
connection. 

Loosened Active Material : Posi t ive p l a t e  act ive mater ia l  which 
separates from the g r i d  i n  1 arge i n t a c t  pieces. This condi t ion i s  
o f ten  noticed i n  cy l i nd r i ca l  ce l l s  due t o  the fac t  t h a t  the,p la tes 
are unro l led during fa t  l u re  analysis. Hmever rectangular plates 
o f t e n  s h w  the pos i t i ve  mater ia l  t o  f lake  o f f  a t  the edges o r  be 
extremely b r i t t l e  and crumbly, 

Extraneous Act i  ve Materi a1 : Pieces o f  loose act ive materi a1 
found pressed between the plates.  Thesd are thought t o  have 
crumbled o f f  the p la te  edges when the c e l l  was being assenbled, 
since there are no holes o r  bare spots on the p la te  i t s e l f .  These 
pieces put p s u r e  on the separator niaterial and o f ten  cause a 
short  c i r c u i  between the plates a t  t h a t  po int .  

Refers t o  short  c i r c u i t s  bebveen plates, 
ges, foreign material 
he t a b - ~ o ~ p ~ a t e  
ing the adjacent p 

I 
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case which pu 
and separators may cause a. 

The pos l t i ve  tab, above the p 
times broken. The broken tab 

f a l l  against the case and cause a short  c i r c u i t .  A t  times the 

pos i t i ve  tab has been a t t r i bu ted  to  an i n s u f f i c i e n t  area o f  welding 

9 

i s  such t h a t  the tab crumbles when the c e l l  i s  opened, 
conf igurat ion cannot be detemri ned. A burned 

the tab and the positive terminal, causing a high-resistance 

Short Separator: Related t o  a burned pos i t i ve  tab. The 
separator material j u s t  below the burned tab has pu l l ed  back, appar- 
en t l y  from the heat generated, so t h a t  the plates are exposed. 
Usually a short  between adjacent plates resul ts .  

Ceramic Short: It i s  a dark colored, conducting deposit which 
causes an e l e c t r i c a l  short  across the ceramic i nsu la to r  a t  the 
termOnal, and is  a resu l t  o f  s i l v e r  brazing used i n  the c e l l s '  
manufacture, It i s  determined by measuring the resistance between 
the insu lated material and the c e l l  case a f t e r  the plates have been 
cut o f f  t he  buses. Its presence i s  fa i r ly  wel l  defined, the 
measured resistance being on the order o f  20 ohms o r  less, 

Miqration: Activp material deposited on the surface o f  the 
separator, appearing hs a uniform dark coati  ng on the separator 
material.  
t e l y  through the separator and be v i s i b l e  as small, dark spots on 
the pos i t i ve  p l a t e  side, usually resu l t i ng  i n  a high-resistgnce 
short  c i r c u i t .  Where t h i s  condi t ion i s  more pronounced the* are 
burned spots on the separator a t  the po in t  o f  penetration. Migra- 
t i o n  i s  always by the negative p la te  material except i n  two very 
advanced cases, where there was  also s l i g h t  migration from the 
pos i t i ve  p la te.  Migration s accelerated a points o f  loca l i zed  
pressure on the separator, 
sure area. For exa 

I n  small area5 the p la te  mater ia l  may penetrate comple- 

peci a1 l y  amun the edge o f  the pres- 
e i n  the round ce l l s ,  where a pressure area 
o f  tape coveri ng the tab-to-pl ate connection, 

on a t  the taped area but  a very dark l i n e  o f  
u t l i nes  the tape's loca t  on. 
t s  o f  d isco lorat ion arou 

I n  additfon, there 

center o f  ea 
f the Sonoton 
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3/8 inch i n  d i  

whtch ha l e  
m pinhead t o  

aaeter, and wen? invar iab ly  found on the pos i t i ve  
plates.  While b l i s t e r i n g  has not  been shwn t o  have a d i rec t  
bearing on c e l l  fa i lu res  i t  i s  included here because i t  was  c m o n  
i n  some c e l l  types, but  rare o r  absent i n  others, and because i n  
a t  l e a s t  two cases the separator was burned s l i g h t l y  where b l i s t e  
had comp'ressed the separator materi a1 e 

Separator Deteriorat ion: kcomposi t i o n  o f  the separator mater- 
i a l ,  exclusive o f  v i s i b l e  burned spots. Deteriorated separator 
materi a1 , as defined here , i s  decidedly th inner  than normal, adheres 
t o  the negative p la te,  and has l o s t  v i r t u a l l y  a l l  t ens i l e  strength. 
Shorts between the plates may resu l t .  
t h i s  condi t ion may be absent a t  the outermost por t ion o f  the separa- 
to r ,  but  beccnne progressively worse taward the center o f  the core. 
Shorts between the plates may r e s u l t  a t  the center o f  the core. 

I n  some o f  the round ce l l s  
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SECTION I 

CELLS ON ORIGINAL TEST PROGRAM STILL CYCLING 
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QE/C 71-1 

1. E L L S  ON ORIGINAL TEST PROGRAM S T I L L  C Y C L I X  

A. A t  the  s t a r t  o f  the o gi nal cyc l i  ng prograiii there was a 
t o t a l  o f  84 packs and as o f  January 1968, 25 o f  these packs were 
s t i l l  cycling. 
tests  on 20 o f  these packs were discontinued t o  make room for newly 
developed space c e l l s  being procured f o r  evaluation. Five o f  the 
bes t  performing packs o f  the o r i g i n a l  group, were maintained on 
cyc l ing  f o r  1 i  f e  capab i l i t y  de temi  nat ion purposes. O f  these f i v e  
packs, two have fa i led .  Thus only three o f  the o r ig ina l  84 packs 
continue t o  cycle. The resul ts  o f  a l l  but  these three remaining 
packs ( l l O A ,  111A and 125A) have been deleted from t h i s  annual 
report .  The resul ts  o f  the remaining packs are contained i n  
Figures 3 through 6 a t  the  end o f  t h i s  section. 

anpere-hour, nickel-cadmium, ce l l s  per pack. These ce l l s  are 
rectangular. The c e l l  containers and covers are made o f  stainless 
s tee l .  Both terminals are insu lated from the c e l l  cover by ceramic 
seals and protrude as 1/4-20 threaded posts. 

A t  the request o f  Goddard Space F l i g h t  Center, 

B. The three packs maintained on cyc l ing  contain f i v e  GE 12 

C. These packs are being tested under the fo l lowing parameters: 

Pack Test Percent Depth 
N u h e r  Temperature o f  Discharge 

l l O A *  oo c 15 

11 1A oo c 15 

125A oo c 25 

* This pack i s  cycled a t  the  1.5-hour o r b i t  period; the others 
are a t  the  3.0-hour o r b i t  period. 

D. Cycl ing was l;tarted in January 1964, Packs l l O A ,  111A, and 
125A have completed 7,876 19,135 and 19,462 cycles respect ively 
w i t h  no c e l l  f a i l u r e  

13 
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SECTION I 1  

CELLS USING CONSTANT CURRENT CHARGE WITH VOLTAGE 
LIMIT CONTROL (CELLS PRESENTLY CYCLING WHICH 

FOLLOWED THE ORIGINAL PFEIDGRAM) 

8 



conti nui ng effort  t o  ex~end the ~ e r f o ~ a n c ~  
d i f i~a t ions  such as nickel plating the s i lver  

e seals are added t o  the program for  evaluation^ 
added t o  the cycle program for evaluation under n 
ondi tions such as cycling a t  -20' C ,  or cycling 

Each pack is cycled u n t i l  60 percent o f  the 

elow 6.5 volt  during cycling. 

t u r e  cycling. 
ave failed. A cell is considered a failure when i ts termina 

A. Ni &el-Cadml um Types : 

1. Gulton 3,5 ah (Polymer1 zed Neoprene Seal) Seven 5-cell 
Packs 1.5-hour Orbit Period: 

a. Cell Description: These cells are cylindrical i n  
shape. The cell containers and covers are made of stainless steel .  
The positive terminal is insulated from the cell cover by a polymer- 
ized neoprene bushing and protrudes through the bushing as a 8-32 
threaded p o s t .  The negative lead i s  soldered t o  the cell container. 

b. Test Parameters: 

(1) Cells Cycling: 

Pack Tes t Percent Depth 
Number Temperature of Discharge 

89C -ao c 25 

75 0 -ao c 40 

9 22c oo c 25 

I 99c oo c 40 

a x  25' C 25 

73c 25' C 40 

26 O C  25 

9 



x 

as were those appearing i n  the table. 

c. Test Results: 

(1) Performance on Cycling: (figures 7 through 10) 
Cycling was started i n  Decerrber 1966. Packs 896, 122C and 99C have 
conpleted 22, 74, 29,554 and 22,559 cycles, respectively wd thout 
any failures. 
9978, 11,155 and 20,866 respectively. A total of 13 cells have 
failed (three each from packs 75D, 73C and 112C plus  four from 87C), 

(2 )  !:ai l u r e  Analysis : 

Packs -75D, 73C, 11 2C and 87C fai  led on cycles 14,19 

(a) Analysis o f  13 failed cells shawed the 
major cause to be migration of the negative plate material and 
separator deteri oration. Other conditions found were h i  gh i nternal 

(b )  The pack that w a s  pu t  on continuous charge 
pressure and electrolyte 1 eakage i 

had one cell that  developed h i g h  internal resistance and was removed 
from test after 1066 days. The h i g h  internal resistance was caused 
by corrosion of the posltive tab. The cell also had electrolyte 
leakage and h i g h  internal pressure. The second cell failed af ter  
1335 days of t e s t ing .  The positive tab-to-terminal connection had 
corroded i n  two. The positive active material was very loose and 
brit t le.  Phenolphthalein indicated electrolyte leakage around the 
positive terminal . 

(3) Capaci ty Checks : The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

20 



-20° -ao Og O0 

25% 40% 25% % 

89C 75D 122C 99C 

l i n g  Capaci~y 3e12 3.79 3.70 

88 Days Dlsch #2 2.39 3.50 3,33 4,23 

176 Days Disch #2 2.33 3.35 3.21 4.20 

264 Days Disch #2 2.25 2.80 3.00 4.03 

352 Days Disch #2 2.33 3.03 2.86 3.94 

440 Days Disch #2 2.33 3.30 2.65 3.65 

528 Days Disch 82 3.79 3.94 2.57 3.35 

616 Days Disch #2 1.72 2.77 2.45 3.12 

704 Days Disch #2 1.49 2.60 2.33 2.95 

792 Days Disch #2 .SO 2.80 2,3i 2.97 

880 Days Disch #2 1.46 2.60 2.45 2.54 

968 Days Disch 82 le25 2.27 2.97 

1.98 2.41 

I 

0 25' 25" 

25% 40% 25% 

87C 736 

3.62 3.50 

3.27 2.22 1.20 

2.95 2.33 1,23 

2.48 1.84 1.08 

2.01 1.87 1.05 

3.21 1.98 1'.25 

1.17 1.60 1.08 
F 

1.17 1.08 

1.11 

e 40 

0.93 

1.02 

0.93 

1 .14 

23 
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a. Cell Descr 
c o ~ r c i  a1 grade 

t i c a l l y  seal the 
tes t a 

es t  Parameters : 

Pack Test 

115B oo c 
126B O0 c 

4B 25' C 

14B 25' C 

288 40' C 

408 4oo c 

klumbe r Temp era t ure 

c. Pest Results: 

Percent Depth 
o f  Discharge 

15 

25 

25 

40 

15 

25 

(1) Performance on Cycling: ( f igures 11 through 
Packs 1158, and 126B have 13) 

c o ~ l ~ t e ~  37,876 and 36,130 cycles, r e s p e c t i ~ e l ~ ~  w i th  no c e l l  
f a i  lures t o  date. Pack 14B fa1 l e d  on cycle 8474, pac 
20,227, pack 40B on cycle 10,360 and pack 4B on cycle 

Cycling was s ta r ted  i n  August 1964. 

A ~ a ~ y s i ~ ~  The ana 
e t o  be due t o  sepa 

ns found were weak tab- 

26 



0 

~ ~ ~ y ~ l i  ng Capaci ty 

88 Days Disch #2 

176 Days Disch #2 

264 Days Disch #2 

352 Days Disch #2 

440 Days Disch #2 

528 Days Disch #2 

616 Days Msch #2 

704 Days Disch #2 

792 Days Disch #2 

O0 25' 2 5 O  

15% 25% 2 5% 40% 

B 1266 48 14% 

5.04 4.87 4.63 5.00 

3.57 4.00 2.47 2.00 

4.03 3.87 2.07 2.07 

4.00 3.73 1.80 1.87 

3.50 3.67 1.83 1.93 

4.07 3.60 1.67 1.93 

4.03 3.93 1.60 1.67 

4.60 3.03 1.60 
F 

4.07 3.63 1.63 

4.33 3.63 1.67 

3.77 3.50 e 63 

4.03 3.37 

3.80 0 30 

3,6 0 37 

3.50 3.37 

3.63 

0 

25% 

288 B 

.20 3.37 

1.71) 9.17 

1.67 1.13 

1.43 1.30 

1.53 0.96 

1.53 1.17 

1.75 0.93 

1.67 0.76 

1.70 
F 

1.77 

I .a7 

2.07 

27 



CYC D C  CKS 

0' 0" 25" 25' 40" 

Depth s f  D i S ~ ~ ~ ~  5% 25% 25% 40% 15% 25% 

1158 1268 -45 14B 288 408 

1672 Days Disch #2 3.17 3.00 1,70 

1760 Days Disch #2 3.23 3.63 1.27 

1848 Days Disch #2 3.07 3.87 1.40 

1936 Dqys Disch #2 3.03 3.37 1.20 

2024 Days Disch #2 3.17 3.04 0.97 

2112 Days Disch 12 3.04 1.06 

28 
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1 Description: These cells are rectangular. 
and covers are made of stainless steel .  f h  

inal  is insulated from the cell cover by a ceramOe 
gative terminal is welded t o  the cover. Both t e  

nals protrude through the cover as solder type terminals. Twenty- 
five cells contain positive plates w i t h  cobalt additive; 25 cells 
are without the cobalt additive and are designated as control cells. 
Twenty-four cells contain pellon separator and 26 cells contain a 
polypropylene separator (PPL) ?he cells were divided in to  packs 
as indicated i n  the table belaw. 

Pack Type and Nunber of Cells per Pack 
NLIIllber Cobal t-Pel1 on Control-pelt on Cobalt-PPL Control -PPL 

21 E 5 5 

45E 2 2 3 3 

69C 5 5 

9H 5 5 

33D 5 5 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

21 E OQ c 25 

45 2 

69 2 

9M 40' C 25 

4 
I 

336) 



Q 

18) Cycling 
and 330 have 
res pecti ve ly 

(1) Performance on Cycli 9: (Figures 14 LR 
was star ted i n  June 1970. acks 21E, 45E 69C 9 

leted 1664, 1664, 1664, 1658 and 1663 cycles 
h no fa i  lures t o  date e 

(2) Capacity Checks : The ampere-hour capaci t ies 
on the pmcycling and capacity check cycles are as follows: 

Orbit Period 1 .5- hour 

Temperature 0" 25 " 2 5" 40" 40" 

Depth o f  Discharge 25% 25% 40% 2 5% 40% 

Pack Number 21E 45E 69C 9H 330 

Precycling Capacity 4,83 5.70 5.70 3.33 3.30 

88 Days 5.08 2.75 3.52 2.38 3,92 

34 
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0 

a; Cell ffescpsptim: These cells are cylindr~ 
shape w i t h  a convex base. A threaded s tud  is fastened t o  
t o  faci 1.1 tate heat sink munting. the cell container and the c 
cover are made of stainless steel .  Two stainless steel tabs, 
t o  the cover, serve as the contacts for the negative terminal 
positive terminal is insulated fmm the cell cover by a ceramic seal 
and protrudes through the cover as a solder type terminal. Two 
solder tabs are welded t o  the terminal. Three cells have pressure 
transducers which are used to read internal pressure i n  pounds per 
square inch absolute. These cells were manufactured t o  the NIlJBUS 
speci fi cati ons 

The 

b. T e s t  Parameters: 

Pack Test Percent Depth 

117A oo c 15 

er Temperature o f  Discharge 

1 21 A* Qo C 25 

120A 25' C 15 

11a6* 25' C 25 

127A 4oo c 15 

128A 40' C 25 

* One cell i n  ea@ of these packs i s  equipped 
w i t h  a pressure transducer. 

e ~ f o ~ a n ~ e  on Cy61 
d i n  Dvlay 1965. Pack 117A h conpleted 31,420 
11 failures. Packs 121A, '120As 118Bs 127A and 

,753, 8108, 10,638 and 6345, 
ti vely . 

39 



e mate 
rami c 

s extraneous 
posttive tab, short ( 

separators high internal pressure, corrosive de 
ry separator materi a1 

(3) Capacity Checks: The ampe -hour c a ~ a ~ ~  
the p ~ ~ c l i n g  and capacity check cycles are as folluvs: 

Orbit Period 

Temperature 

Depth o f  Discharge 

Pack Number 

Precycli ng Capaci ty 

88 Days Disch #2 

176 Days Disch #2 

264 Days Disch #2 

352 Days Dis& #2 

440 Days Disch #2 

OQ O0 

15% 25% 

117A 121A 

5.00 5.38 

5.17 5.38 

5.46 5.33 

5.17 5.00 

4,75 4.46 

4.75 4.29 

4.50 3.96 

4.70 3.96 

2 3.96 

4.08 4.08 

4 .Q4 

1 .&hour 

85O 2 5O 40' 40" 

15% 25% 1 5% 2 5% 

120A 1188 127A 128A 

5.25 5.46 3.29 3.04 

5.40 2.55 1.67 1.42 

4.17 1.67 1.50 1.54 

2.79 1.50 1.38 1.71 

2.33 1.67 1.42 1.83 

2.08 2.00 1-71 
F 

* 2.25 

F 

* 2 

3.2 

3.00 

2.3 



O r b i t  Pe 

Temperature 

Depth o f  Discharge 

Pack Nuber 

1232 Days Disch #2 

1320 Days Disch #2 

1408 Days Disch #2 

1496 Days Disch 82 

1584 Days Disch 82 

. 1672 D S ~ S  Disch 52 

1760 Days Disch #2 

1848 Days D i s h  #2 

Q0 

15% 

11 7A 

4.62 

4.46 

4.17 

4.50 

4.3T 

4.33 

4.12 

4.12 

1.5-hour 

25% 1 5% 25% 15% 25% 

121A 120A 1188 127A J28A 

3.54 2.42 

2.12 
F 

2.12 

1.79 
F 

* Capacity check not performed 
F - Fai led 

a 
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QE/C 7 

n 5.6 ah (Neop 

a. Cel l  Description: These ce l l s  are cy l i nd r i ca l  5n 
shape. The c e l l  container and the c e l l  cover are made o f  cold 

e The pos i t i ve  terminal i s  insulated from the c e l l  
cover by a vulcanized neoprene bushing and protrudes through the 
bushing as a 3/8 inch project ion.  The vulcanized neoprene busht'n 
used i n  the folded cover t o  terminal seals are longer than those 
used i n  the nonfolded cover t o  terminal seals t o  protrude through 
the sleeve formed by the i rward f o l d  a t  the center o f  the cover 
(see Figure 21). This design resul ts  i n  a greater length o f  seal 
and af fords .greater protect ion t o  the seal from heat during welding 
o f  the cover t o  the can. The possible damage t o  the neoprene seal 
o f  e i t h e r  type cover t o  terminal seal, by attempting t o  solder 
e l e c t r i c a l  connections t o  the 1/8 inch pos i t i ve  terminal made i t  
necessary t o  spot weld metal tabs t o  these terminals. Metal tabs 
were a lso spot welded t o  the bottom o f  the cans t o  serve as the 
negative te-minals 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

44B -ao c 25 

32B -20° c 25 

1 OOB oo c 25 

9oc - 0" c 25 

968 25" C 25 

966 25" C 25 

428 40" c 25 

305 40" e 25 

c .  Test Resul 

Seal 

Fol ded 

Nonfol ded 

Fol ded 

Nonfol ded 

Fol ded 

Nonfol ded 

Nonfol ded 

4 



(3) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

O r b i t  Period 1 .5-hoUr 

Temperature -20' -20' 0' 0' 25' 25' 40' 40" 

Depth o f  Dischar 25% 25% 25% 25% 25% 25% 25% 25% 

Pack Nuher 44B 326 

Precycling Capacity 4.01 4.53 

88 Days Di!ich 82 * 4.57 

176 Days Disch #2 4.67 4.67 

264 Days Disch #2 4.34 3.64 

352 Bays Diseh #2 3.36 3.45 

40 Days Disch #2 * 3.64 

B D 

1006 

6.25 

5.32 

5.09 

4.85 

4*39 

4.25 

3.8 

3.64 

3.5Q 

2.75 

2.7 

9OC 768 

6.58 5.60 

5.88 9.63 

5,50 1.59 

5.27 1.59 

96C 426 308 

6.30 4.39 4.90 

2.33 1.49 
F 

2.24 1,35 

1.87 
F 

2.85 

2.33 

k N  

45 



O 25O 25' O 4oo 

o f  D i s c h ~ ~ g e  25% 25% 25% 25% 25% 25% 25% 25% 

445 325 1008 906 766 96C 425 30B 

isch #2 3.87 2.10 2.61 2,57 

1056 Days Disch #2 4.53 2.61 2.33 3.22 

1144 Days Disch #2 2,66 2.33 2.05 3.17 

1232 Days Disch #2 2.85 2.99 2.24 2.89 

1320 Days Disch #2 2.72 2.01 2.43 

1408 Days Disch #2 2.74 2.57 2.80 

1496 Days Disch #2 2.66 2.10 2.74 

1584 Days Disch #2 2.24 2.15 2.10 

1672 Days Disch #2 2.80 2.46 1.90 

F 

F - Failed 

46 
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T ~ r e e  5-cell Packsr 

a. Cell Description: The cells are r@ctangular 
e cell container and the cell cover are made of s t a  

i ti ve termi nal is insulated from the cell cover by a 
a l ,  while the negative terminal is welded t o  the cover, 

solder type terminals. The silver braze o f  the ceramic 
ickel plated t o  prevent internal cell short ing by silver 

migration to  the cover. 

b. Test Parameters : 

Pack Test Percent Depth 
Number Temperature of Discharge 

136 oo c 25 

188 25' C 40 

388 40O c 25 

c. Test Results: 

(1) Performance on Cycling: (Figure 26) Cycling 
started i n  February 1965. Pack 136 has completed 32,864 cycles t o  
date w l t h  two cell failures. Packs 18B and 38B failed on cycles 
7577 and 5766 respectively. 

(2 )  Failure Analysis: Failure analysis o f  e i g h t  
cells shawed the major causes of failure t o  be separator deteriora- 
t ion  and migration o f  the negative plate material. Other conditions 
found were blistering on the positive plates ceramic shorts burned 
posl tive tabs, electrolyte leakage h i g h  internal pressure, and 
co r l y  underneath the positive termi na9 . 

(3) Capacity Checks : The ere-hour capacities on 
ty  check cycles a 

52 



0" 25" 

Depth o f  D i  s charge 25% 40% 

Pack Nunlber 1 38 18B 

Precycling Capacity 7.30 6.90 

88 Days D i s h  #2 6.95 3.00 

176 Dznys Disch #2 7.25 3.60 

264 Days Disch #2 7.20 3.80 

352 Days Disch #2 7.00 3.05 

440 Days Jisch #2 6.75 

528 Days Disch #2 6.75 

F 

616 Days Disch #2 * 
704 Days Disch #2 * 
792 Days D i s h  #2 6.25 

880 Days Disch #2 5,65 

968 Days Disch #2 5 .15 

1056 Days Disch #2 5.00 

Days Disch #2 4.80 

sch #2 *4.05 

1320 Days Qi eh #2 4.15 

1408 Days Disch #2 4.00 

#2 * 

4oo 

25% 

38B 

5 .OO 

1.75 

2 .oo 
1.50 

2.80 
F 
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0 erf od 1 .5-hour 

Temperature 00 2 5O 40 O 

Depth o f  Dfscharge 2 5% 40% 25% 

Pack Nunber 1 38 183 386 

1584 Days Disch #2 3.75 

1672 Days Disch #2 4.00 

1760 Days Disch #2 4.00 

1848 Days Disch #2 3.90 

1936 Days Disch #2 3.60 

54 
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6 .O ah I One 10- ack I .5-hOur 0 
(Pack G I B )  : 

a. Cell Description: These cells are rectangular i n  
shape. The cell container and the cell cover are made of stainless 
steel. The positive terminal is  insulated from the cell cover by a 
ceramic seal,  while the negative terminal is welded t o  the cover. 
Both are solder type terminals e 

b .  Test Parameters: 

(1) Init ial  Test Parameters (a t  another t e s t  
faci 1i ty) : 

(a)  Test Temperature: -10' C. 

(b) Depth of Discharge: 10%. 

(c) Orbit Pwiod :  1.5 hour. 

(2) Change i n  Test Parameters: The t es t  temperature 
was raised t o  0' C after 22,900 cycles a t  -10' C a t  another test 
faci li ty e 

c. Test Results: 

(1) Performance on Cycling: (Figure 27) Cycling 
started a t  NAD Crane i n  June 1967. This pack has completed 19,955 
additional cycles a t  0' C w i t h  no cell failures. 

(a) The end of discharge voltage is 3.27 volts 
per cell and the percent of  recharge is approximately 105 percent. 

the p 
(2)  Capaci ty Checks : The ampere-hour capaci t ies  on 

ng and capacjty check cycles are as follaws: 

5 



Tempera ture  00 

Depth o f  D i  s ch arge 10% 

Pack Nunber 618 

Precycli ng Capaci t y  5.30 

88 Days Disch #2 5.40 

176 Days Disch #2 5.50 

264 Days Disch #2 5.45 

352 Days Disch #2 4.95 

440 Days Disch #2 4.70 

528 Days Disch #2 3.95 

616 Days Disch #2 3.75 

:704 Days Disch P2 3.35 

792 Days Disch #2 3.40 

880 Days Disch #2 3.30 

968 Days Disch #2 3.55 

9056 Days Disch #2 3.45 

Disch #2 2.79 

5 
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~ l t o n  6.0 ah, One l ~ ~ c e l ~  Pack, e 5-hour 0rbi t 
(Pack ~ 1 ~ ~ :  

shape. The cell container and cell cover are made of stainless 
s teel ,  Both terminals are insulated from t h e  cell cover by ceramic 
seals and pro t rude  through the cover as solder type terminals e 

Four o f  the 10 cells are from the same lot  of cells used for the 
Test and Training (TETR) sa te l l i t e .  These four cells are TETR-B 
type cells and the other six are RAE type cells. 

a. Cell Description: These cells are rectangular i n  

b. T e s t  Parameters: 

(1 9 Cycli ng Test Parameters : 

(a) T e s t  Temperature: 20' C. 

(b) Discharge Current: 0.10 amperes. 

(c) Charge Cur ren t :  0.30 amperes. 

(2) Sped a1 Test : A t  random t J  mes the cycli ng had 
a 1.5-ampere discharge superinposed upon the regular cycle. This 
was done t o  simulate the type of operation encountered by the TETR 
Sate1 11 te. 

c. Test Results: 

(1) Performance on Cycling: (Figure 28) Cycling 
started i n  February 1969. This  pack h a s  completed 10,016 cycles e 

The 1 .5-ampere discharge has been superimposed on the regular 
cycling condition a t  random times and for various lengths of time 
t o  simulate the conditions encountered i n  space. Limit ing condi- 
tions were encountered on the four cells from the TETR sa te l l i t e ,  
indicating a deficienc i n  these cells; t h u s  permitting the TETR 

from the satellite. Because of the simulation of the sa t e l l i t e  
project office to  p r e  x c t  the performance #at could be expected 

no cap~city checks are run on t h @ s ~  cells, 

2) Five of the RAE type cells we 
i n  February 1970. 

9 
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9. Gulton 12.0 ah ( O M ) ) ,  S i x  5-cell Packss 1.5- 
Peri od : 

a. Cell Description: These cells are rectangular i n  
shape, The cell container and cell cover are made o f  stainless 
steel. Both terminals are insulated from the cell cover by a 
ceramic seal and protrude th rough  the cover as solder type temri- 
nals. These cells were designed for  use i n  the 060 Satellite. 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

169 oo c 15 

1019 oo c 25 

279 25' C 25 

969 25' C 40 

78A 40' C 15 

909 40' C 25 

c. Test Results: 

(1) Performance on Cycling: (Figures 29 and 30) 
Cycling was started i n  January 1966. Packs 16B and 1019 have 
completed 30,752 and 33,493 cycles , respectively w i t h  two cell 
failures i n  pack 1019. Packs 279, 96B, 78A and 9OB fai led on 
cycles 14,250, 5152, 11,081 and 5124, respectively. 

(2)  Failure Analysis: Analysis o f  the 14 failed 
cells shwed the major cause o f  fa i lure  t o  be separator deterior- 
a t ion and migration o f  the negative plate  material Other condi- 

high i nternal pressure, b l i s  teri ng on the positive 
te leakage and extraneous active materi a1 . 
3) Capacity Checks : The ampere-hour capacities on 
d capacity check cycles are as follcws: 



Q -1 

1 .5-hour 

Temperature O0 O0 25' 2 5' 

Depth Qf Discharge 15% 25% 25% 40% 

Pack Nuher 16B l O l B  2 7B 9 6B 

Precycl ing Capacity 14.86 14.20 14.10 13.30 

88 Days Disch #2 13.50 14.50 5.90 3.20 

176 Days Disch #2 14.10 14.40 3.50 5.40 

264 Days Disch #2 14.20 12.90 4.10 5.00 

352 Days Disch #2 13.70 13.00 4.20 

440 Days Disch #2 13.70 11.90 4.80 

F 

528 Days Disch #2 12.40 11.00 5.10 

616 Days Disch #2 13.10 10.60 4.00 

704 Days Disch #2 12.80 , 10.20 4.30 

792 Days Disch #2 12.70 9.00 3.90 

880 Days Disch #2 12.30 8.88 
F 

968 Days Ddsch f2 11.80 9.00 

' 1056 Days Dis 

1144 Days Disch #2 

1232 Days Dirch 12 

1320 D 

4Qo 

15% 

78A 

6.80 

4.30 

3.10 

3.30 

3.40 

3.40 

3.20 

5.30 
F 

4oo 

25% 

9OB 

11 -40 

5.40 

3.60 

3.70 
F 

a 80 

8.0 

2 



PFECY CL I NG AND CAPACITY 

1 .5- hour 

Ternperaturn -0' 0" 2 5' 25' 40' 40" 

Depth of Discharge 15% 25% 25% 40% 1 5% 25% 

Pack Number t6B 101B 278 968 78A 9OB 

1672 Days Disch #2 9.00 8.00 

1760 Days Disch #2 10.60 7.40 

1848 Days Disch #2 10.20 7.68 

1936 Days Disch #2 8.5% 7.20 

2024 Days Disch #2 6 .78  

63 
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10. 5,O ah ~ N ~ ~ U S ) ~  S i x  5-cel 

a. Cel l  Description: These c e l l s  are cy l i nd r t ca l  i n  
shape w i t h  a convex base. A threaded stud i s  fastened t o  the base 
t o  f a c i l i t a t e  heat s ink  mounting. The c e l l  container and the  c e l l  
cover are made ~f sta in less s tee l .  Two sta in less s tee l  tabs, 
welded t o  the cover, serve as the contacts f o r  the negative terminal 
The pos i t f ve  terminal i s  insu lated f r o m  the c e l l  cover by a ceramic 
bushing and protrudes through the bushing w i t h  a solder tab welded 
t o  the terminal. Three cells have pressure transducers mounted on 
the c e l l  t o  read i n t e r n a l  pressure i n  pounds per  square inch 
absolute. These c e l l s  were manufactured t o  NIMZUS speci f icat ions.  

b ,  Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

103A 0" c 15 

107A* oo c 25 

106A 25" C 15 

104B* 25' C 25 

113A 40" C 15 

11 4A* 40" C 25 

* One c e l l  i n  these packs i s  equipped 
w i t h  a pressure transducer. 

c. Test Results: 

(1) Performance on Cycling: (Figures 31 through 

Packs 106A, 104B, 113A and 114A f a i l e d  on 

lure Analysis: Analysis o f  the 13 f a  

i n g  was s ta r ted  i n  May 1965. Packs 703A and 107A have 
31,849 and 31,251 cycles respect ively w i th  one c e l l  

pack 107A. 
3,149 4998 and 8273 respect ively e 
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separator by the negative tab, ~ l i s t e r i n g  on the pos i t i ve  
corrosive deposfts in ternal1y a t  the pos i t i ve  t 

n t o  the above fa i l u res  one pack o f  f i v e  ce l l s  w 
t royed by t h e m 1  
tab t o  the  top  ed 
the i nsu la t i ng  material wrapped around the pos i t i ve  tab cam loose. 
I n  order t o  prevent a recurrence o f  t h i s  problem i n  the f l i g h t  
bat tery  a piece o f  i nsu la t i ng  tub ing was used t o  cover the  pos i t i ve  
tab e 

naway caused by the  shor t ing o f  the pos i t i ve  
o f  the negative p la te.  This happened because 

(3) Capacity Checks : The ampere-hour eapaci t i e s  on 
the precyel ing and capacity check cycles are as follows: 

O r b i t  Period 

Temperature 

Depth o f  Discharge 

Pack Number 

Precycl i  ng Capaci ty 

88 Days Disch #2 

176 Days Disch #2 

264 Days Disch #2 

352 Days Disch #2 

440 Days Disch #2 

528 Days Disch #2 

792 Days Ddsch #2 

0" 

15% 

103A 

5.42 

5.08 

5.38 

5.58 

5.42 

5.54 

5.13 

4.75 

5 .OQ 

5.08 

O0 

25% 

107A 

5.21 

5.50 

5.46 

5.3s 

5.17 

5.42 

4.83 

4.58 

e 25 

5.25 

4.46 

e 46 

4,37 

1 .5- hour 

25O 

15% 

106A 

4.67 

4 .oo 
4.13 

3.50 

3.21 

3.08 

3.04 

3.25 

3,13 

3.00 

2 e 9 2  

3 .OO 

25' 

25% 

1048 

5.58 

3.58 

2.54 

1.75 

2.04 

2 .oo 
1.46 

1.83 

1.38 
F 

4oo 40" 

15% 25% 

113A 114A 

3.67 3.83 

2.42 2.25 

2.25 1.71 

1.83 1.63 

1.21 
F 

1 .oo 
F 
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Qd 

Temperature 

Depth o f  Discharge 

Pack Nurnbe 

1144 Days Disch #2 

1232 Days Disch #2 

1320 Days Disch 82 

1408 Dqys Disch #2 

1496 Days Disch #2 

1584 Days Disch #2 

1672 Days Disch #2 

1760 Days Disch #2 

1848 Days Disch #2 

1936 Days Disch #2 

F - Fai led 

0" 

', 5% 

183A 

5.08 

4.79 

4.75 

4.21 

4.67 

4.67 

4.29 

4.54 

4.42 

4.43 

0" 

2 5% 

107A 

4.21 

4.29 

4.42 

4.08 

4*37 

4.62 

4.21 

4.08, 

1.33 

4.00 

1.5-hour 

25' 2 5' 40 O 40" 

15% 2% 1 5% 25% 

106A 104B 113A 114A 

2.58 

2.92 

2.46 

2.37 

1.21 

1.46 
F 
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.O ah ( T r i p l e  Se 
1.5-kOUP Q r b i t  Period: 

a. Cell Description: The c e l l  container and the c e l l  
cover o f  these cy l i nd r i ca l  ce l l s  are made o f  s ta in less s tee l .  Two 
sta in less stee tabs, welded t o  the cover, serve as the contacts 
f o r  the negative temrlnal e The pos i t i ve  terminal i s  a so lder  type 
extension o f  the  pos i t i ve  p l a t e  tab extending through the "negative" 
cover and insulated by a ceramic seal  between two glass t o  metal 
seals t o  form a t r i p l e  seal. Two r i n g  indentations , about 1/32 
inch deep, located about 112 inch from each end o f  the c e l l ,  were 
crimped a f t e r  c e l l  assen6ly t o  ho ld  the element snugly i n  the  
cy l i nd r i ca l  can t o  withstand v ibrat ion.  

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

43B oo c 15 

318 oo c 25 

38 25' C 25 

28 25' C 40 

26B 40' C 15 

37B 40' C 25 

c. Test Results: 

(1) Performance on Cycl i ng: (Figures 34 and 35) 
Cycling was s ta r ted  i n  Ju ly  1965. Pack 43B has completed 30,440 
cycles. Packs 318, 3B, 2B, 26B and 378 f a i l e d  on cycles 28,074, 
11,726, 5399, 6289 and 5625, respect ively.  

(2) Fa i lure Analysis: Analysis o f  the 15 f a i l e d  
s shwecl t h a t  the major causes o f  f a i l u r e  were due t o  separator 

ondi t ions found were weak pos i t i ve  tab-to-plate 
e leakage I) pierced separator by g r i d  
i n te rna l  ~~s~~~ and 'loosened p o s i t  

1 grat ion o f  negative p la te  material and excessive ! 



QE/C 71- 

Capacity Checks: The a 
on the pmcy 11 ng and capacity check cycles 

O r b l i t  Period 1 .5-hour 

Temperature 0" 0" 25" 25" 40" 40" 

Depth o f  Discharg@ 1 5% 25% 25% 40% 15% 25% 

Pack Number 4 3B 31 B 38 28 26B 37R 

Pmcycling Capacity 3.23 2.88 3.35 3.60 3.53 3-48 

88 Dqys Dish #2 3.55 3.05 1.40 1.32 1.10 1.05 

176 Days Disch 12 3.47 2.78 1.17 1.45 1.40 1.05 

264 Days Disch #2 2.63 2.67 I .50 1.62 0.90 1.05 
F F 

F 
352 Days Disch 82 3.42 2.27 1.45 0.47 

440 Days Disch #2 3.27 2.12 1.28 

528 Days Disch #2 3.00 2.60 1.00 

616 Days Disch #2 3.00 2.67 1.30 

704 Days Disch #2 2.75 2.52 0.40 

792 Days Disch #2 2.50 2.37 
F 

880 Days Disch #2 2.50 2.48 

968 Days Disch #2 2.32 2.27 

1056 Days Diseh #2 2, 

ch t 2  2.10 2.10 

1232 Days Disch #2 2.00 '1.9 

32Q Bays Disch #2 2.35 11.85 

8 Day .62 
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1 .5-hour 

Tempera  tu^ 0' 0" 25' 25' 40 O 40' 

pth o f  Dischar 15% 2 5% 25% 40% 15% 25% 

438 316 38 28 268 378 

1496 Days Disch #2 2.70 1.95 

1584 Days Disch #2 2.47 1.95 

1672 Days Disch #2 2.37 1.37 

1760 Days Disch #2 2.47 1.00 

1848 Days Disch #2 2.30 
F 

F - Fai led 
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QE/C 71-1 

12. Sonotone 3.5 ah , One 10-cell Pack, 1.5-hour O r b i t  
Period (Pack 15B): 

a. Ce l l  Descriptfon: These are cy l i nd r i ca l  ce l l s  made 
o f  s ta in less s tee l .  One sta in less s tee l  tab i s  welded t o  the cover 
f o r  the negative connection, The pos i t i ve  terminal i s  an extension 
o f  the pos i t i ve  tab and i s  insu lated from the negative cover by a 
ceramic seal. Two r i n g  indentations, about 1/32 inch deep, located 
approximately 1/2 inch from e i t h e r  end o f  the c e l l  can, were crimped 
a f t e r  c e l l  assefhly t o  ho ld  the element snugly i n  the cy l i nd r i ca l  
can e 

b . Test Parameters : 

(I) I n i t i a l  Test Parameters ( a t  another t e s t  
f a c i l i t y )  : 

(a) Test Temperature: -10' C. 

(b) Depth o f  Dischabge: 10%. 

(2) Change i n  Test Paramters: The t e s t  tempera- 
tu re  was raised t o  0' C a f t e r  22,900 cycles a t  -10" C a t  another 
t e s t  f ac i  li ty . 

c. Test Results: 

(1)  Performance on Cycling: (Figure 36) This pack 
has completed 18,598 addi t ional  cycles a t  0" C wi th  no c e l l  f a i l u res .  

(a) The end-of-discharge voltage is 1.25 vo l ts  
per  c e l l  but  the percent o f  recharge shows some var iat ions between 
100 and 105 percent w i th  a corresponding va r ia t i on  i n  the  end-of- 
charge voltage e 

(2) Capaci ty Checks : The ampere- hour capaci t i es  
on the  precyc l ing and capacity check cycles are as follaws: 
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1.5-hOUr 

Temperature 00 

Depth o f  Discharge 10% 

Pack Number 158 

Precycl i ng Capaci t y  3.18 

88 Days DIsch #2 3.09 

176 Days Disch #2 2.86 

264 Days Disch #2 2.95 

352 Days Disch #2 2.77 

440 Days Disch #2 2.60 

528 Days Disch #2 2.71 

616 Days 

704 Days 

792 Days 

880 Days 

968 Days 

1056 Days 

1144 Days 

1232 Day 

Disch #2 2.77 

Disch #2, 2.74 

Dislch #2 3.06 

Disch #2 2.92 

Disch #2 2.73 

Disch #2 2.68 

Disch #2 2.68 

Dissh #2 2.63 
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3.9 ah, Two 5-ce l l  Packs, 1.5-hour O r b i t  Pe 

a. Ce l l  Description: :The c e l l  container and the c e l l  
cover o f  these c y l i n d r i c a l  ce l l s  are made o f  s ta in less s tee l .  The 
c e l l  container serves as the negative terminal. The pos i t i ve  
terminal i s  a but ton extension o f  the  pos i t i ve  p la te  tab through 
the center o f  t he  cover. The pos i t i ve  terminal i s  i so la ted  from 
the negative container by means o f  a menbrane seal .  Connections 
are made by so lder ing d i r e c t l y  t o  the  container and the pos i t i ve  
terminal . 

b, Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

97c oo c 25 

85C 25O c 25 

c. Test Results: 

(1) Performance on Cycling: (Figure 37) Cyclfng 
was s ta r ted  i n  Septenlber 1967. Pack 971: has completed 18,290 cycles 
t o  date w i th  one c e l l  f a i l u r e .  Pack 85C f a i l e d  on cycle 9356 w i th  
i t s  t h i r d  c e l l  f a i l u re .  The other  two c e l l  f a i l u res  occurred on 
cycles 8532 and 8938. 

separator deter iorat ion,  migration, shor t ing across the menbrane 
seal several weak welds and leakage o f  e lec t ro l y te  as ind icated 
by deposits around the pos i t i ve  terminal 

(2) Fa i lu re  Analysis: The four f a i l e d  ce l l s  shawed 

(3) Capaci ty Checks : The ampere-hour capact t i e s  
cyc l ing and capacity check cycles are as fo  
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cycl i  ng Capacf ty 

176 Days D i s h  #2 

264 Days Disch #2 

352 Days Disch #2 

440 Days Disch #2 

528 Days Disch #2 

616 Days Disch #2 

704 Uays Disch #2 

792 Days Disch #2 

25% 

4,10 

3.93 

3.93 

3.33 

3.90 

3.27 

3.47 

3.60 

3.73 

3.50 

3.07 

.2 

2,9 

1 

25% 

85C 

3.90 

3.57 

3.07 

3.33 

3.10 

2.90 

2.30 

2.20 
F 

8 
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QE/C 71- 

1 ve r- Cadmi urn Ty p 

1. Yardney 5.0 ah, Four 5-cell Packs, 24-hour Orbit Pe 

a. Cell Description: These are  vented cells rectan- 
gular i n  shape, w i t h  cell jars  and cell covers molded of a pl  
material e The separator material is pellon and cellophane. 
cells were individually epoxy potted a t  the Goddard Space Flight 
Center t o  hermetically seal them. 

b . Test Parameters : 

Pack Test Percent Depth 
Nunber Temperature of Discharge 

1138 0" c 20 

778 25' C 20 

1058 25' C 20 

12% 40' C 20 

c. Test.Results: 

(1) performance on Cycling: (Figure 38) Cycling 
was started i n  January 1967. Pack 1138 completed 1409 cycles t o  
date w i t h  no cell failures.  
cycles 661, 77 and 269 respectively. 
Packs 77B and 1058 were cycled a t  Goddard Space F l i g h t  Center for 
about 1 year, Most of t ha t  "cycling" was continuous f loa t . )  

Packs 778, 105B and 1288 failed on 
(Prior t o  start o f  this tes t ,  

( 2 )  Failure Analysis: Analysis of the nine fai led 
t the fdflures were due t o  silve migration and 
oration which resulted i n  intern ly shorted cells, 

(3) Capaci ty Checks : The ampere-hour capaei ties on 
d capacity check cycles are as follows: 
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24- hour 

Temperature 0" 2 5O 25' 40' 

Depth o f  Discharge 20% 20% 20% 20% 

Pack Number 138 778 105B 1288 

recycling Capacity 4.08 5.02 4.95 6.47 

900 Days 5.27 4.92 5.53 
F 

200 Days 

300 Days 

4.08 4.77 1.25 

4.67 4.67 
F 

400 Days 5.55 4.67 

500 Days 4.03 1.25 

600 Days 

700 Days 

5.06 2.35 

4.03 
F 

800 Days 5.15 

900 Days 5.42 

1000 Days 5.47 

1100 Days 4.75 

1200 Day 5.50 

300 Days 6 .IO 

.80 
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i si on of WcDonnel -Douglas 5.0 

a. These cells are sealed, b u t  are provided w i t h  vent 
caps designed t o  vent the cell a t  a paressure of 40 psig. The cel 
are ~ c t a n g u l a r ~  w i t h  cell jars  and cell  covers molded of p las t ic .  
The zinc electrodes are encapsulated i n  an inorganic separator. 
The silver electrodes are separated from the inorganic separator by 
pellon. A small volwne of epoxy p o t t i n g  material is poured i n t o  
the cell jaw just prior t o  the insertion o f  the electrodes and 
prevents movement of the electrodes. The cell t o p  is then sealed 
t o  the cell  jar by means o f  epoxy po t t ing .  The f i l l  port is 
sealed by means of a screw and rubber O-ring. 

b. Test Parameters: 

Pack Test Percent Depth Orbi t  
Number Temperature o f  Discharge Peri od 

25B 20° c 25 1.5 

25C 20° c 25 12.0 

37 D 40' C 25 12.0 

47D 40' C 25 1.5 

c. Test Results: 

(1) Performance on, Cycling: (Figures 39 th rough  
was started i n  December 1969 for Packs 25B and 47D; 

ary 1970 for  packs 25C and 37D. Packs 25B, 47D, 25C, 
ed on cycles 681, 2013, 567 and 391 cycles, respec- 

d by NASA, Lewis Research Center, each pack 
cel ls  failed.  

( 2 )  Failure Analysis: Analysis of the 40 failed 
22 cells had cracked inorganic separators due t o  

te. Cells t ha t  were life-cycled a t  
1s t h a t  were cycled a t  20" C, The 

und i n  a ds'scharged condition. 
tes o f  w h i c h  eight had been 

rbf t period . Twenty-seven ce 
nd the negative o r  postive t e  
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(3) Capaci ty Checks : 
nd ~ a p a c i t y  chec 

Pack Nmber 

30 Days 

60 Days 

90 Days 

120 Days 

O r b i t  Period 

Temperature 

Depth o f  Discharge 

Pack Nurnber 

50 Days 

400 Days 

200 Days 

250 D 

I -5- hour 

20 O 4oo 

25% 2 5% 

258 47D 

Ie18 3.50 

I .25 

1.25 

I .21 
F 

F 

12- hour 

20° 40' 

2 5% 2 5% 

25C 37D 

4.29 4.50 

a 75 

9,25 2.50 

-07 1.25 
F 

2.50 

87 



! i 
I 

I 

i 

I !  I 

i 
, 

E- 

b) 

e 

x 

x 

I B I  

I 

x 

€3 

x i  
I 

x D 
I 
I 
I 

X I  
I 

I ’  
, p.d ‘8  

I 
6-40 





! I ! !  
i 

I 

i 

I 
I 

I 

! 

! 
, 

! 

! 
I 

I 

I 

I 

I 

I 
I 

~ 

I 
i 
1 
i 
1 

I 

I 

j 

I 

1 

I 
i ! j :  ! 

B 
I 
j 

i 
I 

i 

1 
j 
I 
i 

1 I 

I 

! 

I 
j 
i 

i 
I 

i 
I 
I i 
I 1 
I 

i 1 
I 

j 

i 

! 

j 
I 

I 

I 
I 
1 

I 
! 

I 
1 
I 
I 

! 
I 

I 
\ 

I 
I 

! 

! 
I 

i 

! 
i 
i 

i 
I 
I 
I 

I 

i 

i 
I 
I 

I 
i 

! 
j 
i 
! 
I 
I 
I 

i 
j 

I 
I 

I I 

i 

1 

I 
j 
! 

i 

1 

j 

I 

I 
I 
! 
I 

I 

. - _ 1  

I O  ! 

t 

i 

I 

i 

i 

i 
i 
I 
1 

i 

t 

I 
f 
j 
! 
i 
! 

! 

! 

1 I 

i 
i 
I 
I 

i I 
I I 
I 

! 

1 
i 
! 

I 

1 

I 
I 
I 
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

I 

1 

I 

I 
I 
I 
I 

I 
I 

I 
l 

e 

8 

- i  

I 

j 
t 

I 
i 
I 

, 

I 
1 
I 

i 

! 

i 
i 



d 
I 

f 
4 

e 

e 

a 

0 

% e 

X % 

X 0 

X 

x 
X 

x 
X 

W 

X 

e 

X 

8 
a 
0 



D DEVICES: 

continuous e f f o r t  t o  improve c 
control  mthods and devices a 

control  methods being tested a t  M A D  Crane 
overcharge current capab i l i t ies  aux 
voltage 1 i m i  t dependent upon auxi 1 i  a 
coulometer, the two-step regulator  and i n  
devi ces . Sherfey upside-down cycl i ng and 
methods have been used i n  the past. 

A. High Overcharge Current Capabi li t i e s  : These ce l l s  were 
constructed t o  withstand continuous charge rates as high as c / l  for 
extended periods o f  t i m e .  

1.5-hour O r b i t  Period: 
1. Gulton 1.25 ah, (Nickel-Cadmium) , Four 5-ce l l  Packs, 

a. Cel l  Description: These ce l l s  are rectangular. The 
c e l l  container and c e l l  cover are made o f  stainless s tee l .  The 
pos i t i ve  terminal i s  insu lated f r o m  the c e l l  cover by a ceramic seal 
whereas the negative terminal i s  c o m n  t o  the can. Both are solder 
type terminals. Each c e l l  was equipped w i th  a pressure gage. 

b. Test Parameters : 

(1) I n i  ti a1 Test Parameters : 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

7 4.5 -20° c 25 

88D -20° c 60 

1088 oo c 25 

9M3 O0 c 60 



Analysis: Ana1ysis o f  the fiwe P 
cells shows seve n o f  negative material bl is ter ing o 
the positive p la tes  and high internal pressure. 

(3) Capacity Checks : The ampere-hour capaci ties 
on the precycling and capacity check cycles are as follows: 

O r b i t  Period 1.5-hour 

Temperature - 2 O O  -20° O0 O0 

Depth o f  Discharge 2 5% 60%* 25% 60% 

Pack Number 748 88D 1088 98B 

Precycling Capacity 1.43 1.28 I .78 1.83 

88 Days Disch #2 0.39 0.36 .76 1.60 

176 Days Disch #2 0.42 0.52 1.59 1.39 

264 Days Disch #2 0.40 0.35 1.43 0.95 

Disch #2 0.47 0.40 1.35 .05 

O D  sch #2 0.36 0,35 .32 0.89 

528 D disch #2 0.47 0.37 3,13 0.86 

0,36 0,92 0.99 

82 0,34 0,31 0.55 0 

#2 0.29 0.28 -0 

0.27 0,2 0.87 
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5- hOu 

~ ~ p e r a t u r e  -20° -zoo 00 O0 

pth o f  D i s c h ~ r ~  2 5% 60%* 25% 60% 

Pack Number 746 889 1 0 8  98B 

968 Days Disch #2 0.27 0.28 0.66 

1056 Days Disch #2 0.30 0.30 0.58 

1144 Days Disch #2 0,25 0.28 0.42 

1232 Days Disch #2 0.30 0.29 0.61 

1320 Days Dhch #2 0.38 0.39 0.47 

1408 Days Disch #2 0.35 0.39 0.68 

1496 Days Disch #2 0.27 0.27 0.54 

1584 Days Disch #2 0.30 0.30 0.49 

* Depth of discharge was reduced t o  25% a f t e r  46 
cycles. 
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QE/C 71-1 
I 

i n  voltage bebeen the au 
This increasing voltage i 
o r  terminate the charge 
u t i l i z e s  the aux i l i a ry  electrode voltage o f  each s e l l  i n  the pack 
t o  reduce the charging ra te  a f t e r  the c e l l s  have received the 
desired amount o f  recharge. The c i r c u i t  i s  designed t o  monitor 
the aux i l i a ry  electrode voltage o f  each c e l l  wh i le  the 5-cel l  pack 
i s  being charged. As the aux i l i a ry  electrode voltage o f  any one 
c e l l  o f  the pack approaches a preset value, the c i r c u i t  begins t o  
reduce the charge current. When the aux i l i a ry  electrode voltage 
o f  any c e l l  reaches the predetermined voltage ( t r i p  voltage), the 
charge current w i l l  be reduced t o  a preset t r i c k l e  o r  t o  zero, 

1.5-hour O r b i t  Period: 
1. Gulton 6.0 ah (Nickel-Cadmium), Three 5-cel l  Packs, 

a. Cel l  Description: These c e l l s  are rectangular, 
The c e l l  container and the c e l l  cover are made o f  stainless s tee l .  
Both terminals are insu lated f r o m  the c e l l  cover by ceramic seals 
and protrude through the cover as sol der type tenni  nals . A stain- 
lessless s tee l  tab, welded t o  the cover, provides the terminal f o r  the 
aux i l i a ry  electrode. The aux i l i a ry  electrode i s  welded t o  the 
inner  surface o f  the c e l l  container. A r e s i s t o r  i s  mounted exter-  
n a l l y  between the aux i l i a ry  electrode and the negative terminal. 

b. Test Parameters: 

40 1 70 6 e 8  48p * 
24C Jt 25 1 70 6.8 

I5 70 6.8 60B * 
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(1) ~ e r f o ~ a n s ~  on 6ycl 
Cycling was started i n  April 1967. Pas 

ectively. Pack 608 has completed 

(a) From the t e s t  data obtained to date the 
om are that the auxiliary electrode, when used for charge 

control , operates satisfactori ly over the range of temperatures 
under which these packs were operated, without temperature compen- 
sati  on. 

(2) Failure Analysis: Analysis o f  the six failed 
cells shwed the major causes of failure t o  be short ing between the 
positive and auxi li ary electrodes due to  i nsuffi cient separator 
material between the edge o f  the positive plates and the auxiliary 
electrode. Separator deteri oration mi  grati on of negati ve materi a1 
and blistered positive plates also were.major reasons for failure. 
Other conditions found were h i g h  pressure, electrolyte leakage, 
weak weld between the auxiliary electrode and the bracket on the 
inside wall of the cell and shorting between plates w i t h i n  the 
cell stack. This la t te r  shorting is due t o  separator deterioration. 
The weak welds may result f r o m  failure t o  remove active matelrial 
from the g r i d  of the auxiliary electrode prior t o  welding t o  the 
b rack e t  . 

(3 )  Capaci ty Checks : The awere- hour capaci ties 
on the precyciing and capacity check cycles are as follows: 

cycli ng Capaci ty 

88 Days 

I .5-hOUr 

* * * 

40% 25% 15% 

48B 24C 6OB 

7.40 7.20 7.45 

3,68 6.90 7.02 

2 * 8 0  6*55 7.20 

3.76 6.30 6.45. 

99 



Temp e rat u re 

Depth of Dischhar 

Pack Number 

352 Days 

440 Days 

528 Days 

616 Days 

704 Days 

792 Days 

880 Days 

968 Days 

1056 Days 

1144 Days 

1232 Days 

1320 Days 

* * 

40% 2 5% 

488 24C 

3.20 4.15 

3.84 3,25 
F 

3.09 

3.10 

2.90 

2.55 

2.16 

3.15 

1.95 
F 

* 
15% 

608 

6.87 

6 -33 

6.63 

5.61 

5.04 

4.68 

4.11 

3.21 

2.64 

2.25 

-05 

3.Q2 

re cycle i s  s 

I00 
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scription: These cells are r 
The cell con the cell cover are made of st 
Both  terminals are insulated from the cell cover by 
and protrude through the cover as solder type termin 
less steel tab,  welded t o  the cover, provides the t e  
the auxiliary electmde. The auxiliary electrode is 
inner surface o f  the cell container. A resistor is 
nal ly between the auxi 11 ary electrode and the negati 

b. Test Parameters: 

Percent T r i p  

Number Temperature Discharge (Millivolts) Resistors (Ohms) 
Pack T e s t  Depth of Voltage Level Electrode 

58D * 25 170 6.8 

36 D * 15 1 70 6.8 

* These cells are i n  an an&Sent temperature which  varies sinusoi- 
dally from 0' t o  40' C w i  t h i n  a period o f  48 h o u r s .  

c. Test Results: 

( 1) Performance on Cycli ng: ( Figures 48 and 49) 
Cycling w a s  started i n  January 1969. Packs 580 and 360 have COW 
pleted 11,228 and 11,217 cycles, respectively, w i t h  no 
These packs are being cycled without  i n t ~ r r u p t i o n  for c 
check. The cycle l i f e  results wlll la ter  be compared 
that do receive capacity checks every 88 days e 
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1 t o  
1,5-h Pe 

a. Cell Description: These cells are rectan 
container and the cell cover are made of stainle 

in~ulated from the cell cover by cera 
gh the cover as solder type terminals e 

less steel tab welded t o  the cover, provides the terminal for the 
auxiliary electrode. The auxilfary electrode is welded t o  the 
inner surface of the cell container. A resistor is mounted exter- 
nally between the auxiliary electrode and the negative terminal 

b .  Test Parameters: 

Percent T r i p  

Number Terperature Discharge (Millivolts)* On Cells (Ohms) 
Pack Test Depth of Voltage Level Resistors 

28D zoo c 25 150 6.8 

40 D zoo c 25 300 6.8 

52D zoo c 25 450 6.8 

* The trip voltage levels of packs 400 and 52D were changed t o  
250 and 300 mv , respecti vely . 

c. Test Results: 

(1) Performance on Cycling: (Figures 50 through 
was star'ted i n  Apri l  1970. 

ed 2813, 2862 and 2468 cycles, respectively, w i t h  no 
Packs 28D, 40D and 52D 

(2 )  Capaci ty  Checks : ?he anpere-hour capaci ti es 
on t i ng and capaci ty check cycles are as follows : 

i 

06 



Q 

1.5-hQUr 

Temperature zoo zoo 20° 

Depth o f  Dischar 25% 2 5% 25% 

Pack Number 28D 40 D 52D 

Precycling Capacity 7.65 7.74 7.65 

aa DWS 6.96 8.60 7.65 
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a. Cell r ip t ion :  These cells a 
cell container an 11 aver am m 
terminals are insulated f 

and protrude throu@ the cover as solder type t 
less steel tab is welded t o  the cell cover fo r  
e l ~ c t ~ ~ e  terminal. The auxf 'liary electrode i s  
surface of the cell container, A resistor is 
between the auxiliary electrode and the negati 
percentage may be changed by adjusting the vol 
auxi liary electrode detector clrcui t and/or va 
electmde resistance whi l e  maintaining a fixed voltage t o  the 
detector ci rcui t. 

b. Test Parameters : 

A u x i  11 ary 
E l  ect rode 

Percent T r i  P 
Pack Test Depth of Voltage Level 

N-er Temperature Ddscharge (Millivolts) Resistors (Ohms) 

70A Q0 C 25 70 6.2 

71 B oo c 40 70 6.2 

11B 25' C 40 150 6.2 

47B 4oo c 25 230 6.2 

e. Test Results: 

(1) Performance on Cycling: (Figure 53) Cycling 
ed on Pack 11B i n  October 1 

1967 and an pack 70A i n  Feb 
1,792 cycles t o  date w i t h  n 
failed on ~yc les  15,275, 11 



Precycli ng Capaci ty 

88 Days Disch #2 

176 Days Disch #2 

264 Days Disch #2 

352 Days Disch #2 

440 Days Disch #2 

528 Days Disch #2 

616 Dqys Dtsch #2 

704 Days Oisch #2 

792 Dqys Disch #2 

O0 

25% 

70A 

15.0 

14.9 

15.4 

14.7 

3.9 

11.6 

10.6 

9.5 

9.2 

9.1 

O0 

40% 

71 B 

15.4 

15.2 

14.5 

14.4 

13.0 

11.5 

10.7 

9 . l  

11.3 

10.4 

9.5 

8 

i 

15.9 

14 .O 

8.1 

6.5 

7.7 

9 .o 
7.7 

7 -4  

7 . I  
F 

25% 

3.7 

3.5 

3.2 

5.6 

3.4 

2 



I 

, 

i 

! 



20 ah (OAO) ( N i  -Cadmi urn) Th 
ack i t  Period: 

sc r i p t i on :  These c e l l s  are =e 
c e l l  cover are made o f  s ta in les  

1s are  insulate^ from the cover by ceramic 
ugh the cover as solder  type tem ina ls .  

n expansion j o i n t  t o  remove the stress placed on 
he movement o f  the p la tes o r  c e l l  cover. A s ta in less 
elded t o  the cover f o r  the aux i l i a ry  electrode t e r -  

minal. The aux i l i a ry  electrode i s  welded t o  the inner  surface o f  
container. A r e s i s t o r  i s  mounted ex terna l l y  between the 

used i n  OAO s a t e l l i t e s .  
electrode and negative terminal a This type c e l l  w a s  

b. Test Parameters: 

Auxi 1 i a 
E 1 e c t rode 

Percent T r i p  
Pack Test Depth o f  Voltage Level 

Number Temperature Discharge ( M i l l i v o l t s )  Resistors (Ohms) 

54B 0" C 15 250 47 

19B 25' C 15 250 47 

38E 40" C 15 300 47 

c. Test Results: 

(1) Performance on Cycling: (Figures 54 and 55) 
Cycling was s ta r ted  i n  March 1968. Packs 54B and 19B have completed 
15,882 and 15,907 cycles respect ively , w i  th no c e l l  f a i  lures e Pack 
38E f a i l e d  a f t e r  4943 cycles due t o  loss o f  capacity t high temper- 
ature. 

(2) Fa i lure Analysis: Analysis of the three f a i l e d  
ed t h a t  f a i l u r e  s due la rge ly  
was not as exte ve as t h a t  see 

condi ti ons i ncl  uded i s t e r i n g  and h 
by gas escaping from the punctured c e l l  a 



Pack Nunber 

Precycli ng Capaci ty 

88 Dqys 

176 Days 

264 Days 

352 Days 

,490 Days 

528 Days 

616 Days 

704 Days 

792 Days 

880 Days 

968 Days 

O0 

15% 

548 

22.7 

25.3 

22.7 

24.7 

23.6 

24.8 

21.5 

22.1 

22.9 

6.7 

2.3 

7 e l  

15% 15% 

198 38E 

23.3 17.3 

19.8 5.6 

17.3 3.7 

14.9 2.9 

13.7 
F 

8.7 

8.9 

9.4 

8 .O 

8.2 

8 .O 

8. 
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9 N i  
6- c eri o 

1 Des cri p t i  on : 

(1) These cells are rectangular. The c 
and cover are made o f  stainless steel .  Both t e  
from the cover by aramdc seals and protrude t h  
solder type terminals. Each ceramic seal is se t  i n  an 
j o i n t  t o  remove the stress placed on the seal by the movement 
the plates or cell cover. A stainless steel tab is welded t o  
cover for the auxiliary electrode terminal. The auxiliary elec- 
trode is welded t o  the inner surface of the cell container. A 
resistor is mounted externally between the auxiliary electrode and 
negative terminal. This  type cell had been wed i n  OAO satell i tes.  

(2) Gach cell w a s  f i t ted w i t h  a pressure gage, and 
a pressure transducer. Prior t o  cycling, the cells were subjected 
t o  a series of tests including conditioning, capacity calibration, 
and overcharge. The final step of the series was an adjustment of 
precharged cadmium material. Two cells had -3.0 ah, two had 0.0 ah 
and two had +3.0 ah of precharge. In negative precharging, the 
desired ampere-hour equivalent o f  oxygen i s  added t o  f u l l y  charged 
cells. In positive precharging, the desired ampere-hour equivalent 
of oxygen i s  removed from the cells as they charge. This prelim- 
inary procedure was specified by Goddard Space F l i g h t  Center. The 
methods of precharge adjustment were developed by NAD Crane. 

b e  Test Parameters: 

(1)  Test Temperature: 20' C. 

(2) Depth o f  Discharge : 25%. 

(3) T r i p  Voltage Level: 300 ~ i l ~ . i ~ o l ~ ~  

(4)  A u x i l ~ a ~  Elect de Resistors: 47 Oh 

c. Test Resu 

rmance on Cycli ng: ( F.i g 
ck 488 has completed 247 s t  

8 



(2) Capacity Checks : Precyclj ng capaci 
mined pr ior  t o  prechrrge adjustment. The capacity o f  e 
determlned by the time t o  reach 0.5 volt. 

Negative Pmcharge Zero becharge P o s i t i v e  P 
Cell #1 Cell 54 Cell #2 Cell 55 Cell 53 
S/N 475 S/N 953 S/N 481 S/N 961 S/N 493 S/N 959 

Precycl i ng 
Capaci t y  25,60 25.60 25.50 24.80 25.50 25.10 

88 Days 14.17 11.17 12.67 14.33 12.50 15.00 

a a9 
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20 ah (OAO) , (Nickel-Cad um) , One S-cell 
iod (Pack 12E) : 

a. Cell Description: 

(1) These cells are rectangular. The ce 
and cell cover are made of stainless steel .  Both terminals am 
Insulated from the cover by ceramic seals and protrude through the 
cover as solder type terminals. Each ceramic seal is s e t  i n  an 
expansion j o i n t  t o  remove the stress placed on the seal by the move- 
ment o f  the plates or cell cover. A stainless steel t a b  is welded 
t o  the cover for the auxiliary electrode terminal. The auxiliary 
electrode is welded t o  the inner surface of the cell container. A 
resistor is mounted externally between the auxiliary electrode and 
negative terminal. T h i s  type cell has been used i n  OAO satel l i tes .  

w i t h  pressure transducers. The first  cell has the only auxiliary 
electrode of the pack. 

(2 )  The f i r s t ,  t h i r d  and fifth cells were f i t ted 

b. Test Parameters: 

(1) Test Temperature: 20' C. 

(2 )  Depth of Discharge: 15%. 

(3) Auxiliary Electrode Resistor: 47 Ohms. 

c. Test Results: 

(1) Performance on Cycling: (Figure 57) Cycling 
Pack 12E h a s  completed 3284 cycles w i t h  two started i n  May 1970. 

ce 1 1 s removed. 

( 2 )  Analysis : After 2522 cycles, the cells showed 
a large amount o f  imbalance a t  the end o f  charge. The cell shawing 
the highest end-of-charge voltage w a s  removed a t  the request o f  

F l i g h t  Cente 

negati ve (adjacent) plates 

Analysis shwed excessive d grat-i on 

re removed, and Indiv ldua l  plate 
separator det oration. Samples o f  positfve and 

61 t ies were measured. The positive capacity exceede 
ch case by as much as 13 percent. Th 
ly h i g h  pressure ough not not 

moved after 2729 cycles 

12 



mined by the time f o r  the 

#2 cell #3 c e l l  #4 Cell #5 

~ ~ c y c l i n ~  Capacity 25.26 25.38 25.38 24.96 25.56 

58 Days* 29.80 29.50 27.60 27.50 28.60 

97 Days 25 

* T h i s  capacity check was run a t  the c/2 discharge rate as 
opposed t o  precycling data and that a t  97 days which was r u n  
a t  the cycle rate o f  6.0 amperes. When only one col urn is 
used (97 days), the capacity i s  determined by the law cell 
reaching 0.5 volt. 
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 cadm mi urn) One 5-ce 

(1) These cells a r e~ tangu la r~  The cell cont 
over are made o f  stain1 s steel. Both terminals are 
from the cover by ceramic seals and protrude through the 
older type terminals a Each cerami c seal is s e t  5 n an 
j o i n t  t o  remve the stress placed on the seal by the 

movement o f  the plates or cell cover. 9 stainless steel tab is  
the cover for the auxiliary electrode terminal. The 
electrode is welded t o  the inner surface o f  the cell con- 

tainer. A resistor is mounted externally between the auxilia 
electrode and negative terminal. This type cell h a s  been used i n  
OAO satel l i tes .  

b . Test Parameters : 

( 1 )  Test Temperature: 0' C ,  

(2)  Depth of Discharge: 15%. 

(3) Auxlliary Electrode Resistor: 47 Ohms. 

c. Test Results: 

(1) Performance on Cycling: (Figure 58) Cycling 
started i n  October 1970, Pack 68B has completed 906 cycles. 

(2)  Capacity Checks: The ampere-hour capacities 
during precycling was determfned by discharging each cell a t  6.0 
amperes t o  0.5 vo l t  per cell. 

Cell #I  Cell #2 Ce 

ng Capacity 27.OQ 26.82 27.30 27. 

12 
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used i n  OAO satell i tes e 

(2) Each cell was f i t ted w i t h  either a pressure gage 
transducer. Before cycling w a s  started, the amount of 

precharged cadmium material was adjusted so t h a t  cells 2 and 3 had 
0.0 ah, cells 4 and 5 had 4.0 ah and cells 1 and 6 had 8.0 ah. 
T h i s  was accomplished by a procedure specified by Goddard Space F l i g h t  
Center. 

b. Best Parameters : 

(1) Test Temperature: These cells are i n  an ambient 
which  varies sinuosidally from 0' t o  40' C w i t h i n  a 

(2) Depth o f  Discharge: 25%. 

(3) T r i p  Voltage eve1 : 300 Mi l l i  wol ts  . 
ary Electrode Resist0 

26 



(3) CapacS ty Checks : The ~ e ~ - h o ~ r  capacity 
a f t e r  461 cycles, was 8.67 ampere-hours. 
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s c ~ ~ t i ~ n :  These c e l l s  a 
the ce l l  aver are made o 

the cover as s ~ l d e r  type t e  
d t o  the cower,, provides 

1s are i m u l a t e d  f r o m  the c e l l  cow! 

electrode. The auxi li ary eleet ro 
inner  surface o f  the c e l l  container. A res i s t0  
n a l l y  between the aux i l ia ry  electrode and the n 
The ce l l s  o f  four  packs contain Type C auxi li a 
AB13), which i s  a s in tered n i cke l  plaque w i t h  a Teflon coating; 
whereas those o f  the other four  packs contain Type B aux i l i a ry  
electrode (Code AB14), which i s  a platnium loaded s i n t e  
plaque w i th  no Tef lon coathg. 

b. Test Parameters: 

Percent T r i  P Auxi l i  a Type of 
Pack Test Depth o f  Voltage Level Electrode Aux i l ia ry  

Number Tenperature Discharge ( M i l l i v o l t s )  Resistors Electrode 

526 oo C 25 250 82 Ohms C 

50B oo c 25 250 82 Ohms B 

5B 25' C 25 250 82 oh 6 
I 

1 78 25' C 25 250 ' 82 Oh 

66 4oo 6 25 250 82 ohm 
I 

, 426 40" 25 250 82 Oh 

5 2B * 2 250 

2 2 50 

29 



that t due to  separa 
tion, a l ,  and high 
resulting in case distortion. Other problems inclu 

ng, dryness o f  separator, ragged edges on pm 
ring o f  posi t ive  plates. 



s: T 
ck cy 

1 7B 6C 426 6 

u w  ' O O C  O°C 25OC 25OC 40°C 40OC * + .  

Auxi 1 i ary 
C B c B 6 C B 

Precycl i ng ' 

Capacity 7.05 7.20 7,50 7.38 5.55 5.10 7.40 7.70 

88 Days 6.50 7.40 3.20 4.70 1.50 1.50 1.15 5.80 
D** 

576 Days 4.85 7.30 1.85 3.20 1.55 1.75 5 -75 

264 Days 3.10 7.25 1.50 2.20 2.10 2.20 2.65 

352 Days 4.15 7.20 1,65 1.85 2.10 2.15 2.45 

440 Dqys 3.35 7.05 1.75 1.90 2.50 2.10 2 .oo 
F 

528 Days 2.90 7.30 1.75 1.95 1.45 4.40 

616 Days 1.45 6.60 2.00 1 .OO 
D** 

F 
3.35 

704 Days 6.51 2.01 1.80 3.75 

792 Days 6.35 2.45 1.77 

880 Days 6.09 I .50 
D** 

1.71 

2.1Q 

* These cells are i n  an anbient temperature which varies sinusoi- 
dally f r o m  0' t o  40' C w i t h i n  a cycle per iod o f  48 hours. The 
temperature cycle i s  stopped a t  25' C f o r  each capaci-ty check 

cle.  

f r o m  automatic cyc dng for a sePies of 
i ns t ruc ted  by Goodard Space I l g h t  Center. 

D -  
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a. Cell Description: These cell 
tainer and cover are made of stat  

m the cell cover by ceramic 
as solder type terminals. There a 

tmdes i n  each cell; the signal and 
s. The reconbination electrode is w 
ainer, and its terminal is  a stainless stee 

welded to  the outside. The signal electrode, which  is used f o r  
charge control, is welded t o  a w i r e  that protrudes through a hole 
i n  the cell cover. T h i s  hole is potted t o  seal the cell, Different 
values of resistance are used to  connect the signal and gas reconbf- 
nation electrodes to  the negative terminal. The cells were developed 
under contract NAS 5-10261. 

b. Test Parameters: 

Percent T r i p  
Pack Test Depth of Voltage Level Signal Electrode 

Number Temperature Discharge (Millivolts) Resistors (Ohms)* 

539 0' c 15 1 85 300 

28C 25' C 15 70 10 

476 40' C 15 58 10 

* Gas Reconrbination Electrode Resistors: 1 Ohm 

c, Test Results: 

1 Performance on Cycling: ( 
d i n  July 1968, Packs 53s a 

38 



2) Capacity Checks: The -hour capaci t f  es 
eck cycles are as follows: 

Temperature 

88 Days 

176 Dws 

264 Days 

352 Dqys 

440 Days 

528 Days 

616 Days 

F - Failed 

538 

O0 c 
6.96 

6.80 

6.95 

6.05 

1.71 

1.59 
F 

2 86 47c 

25OC 4ooc 

7.74 5.22 

6.50 1.50 

6.30 1.75 

5.50 

3.00 

0.90 

0.96 
F 

F 

39 
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20 9 ask 

scri p t i  on: These 
cover are made o f  

lectrsde and the 

b Test Parameters : 

Auxi li ary 
E 1 ect rode 

Percent T r i  P 
Pack Test Depth of Voltage Level 

Nunber Tenperature Discharge (Millivolts) Resistors ( 

7B oo C 15 300 300 

6 78 oo C 15 300 300 

c. Test Results: 

(1)  Performance on Cycling: (Figures 68 and 69) 
Cycling w a s  started i n  February 1970. Packs 7B and 67B have com- 
pleted 4624 and 4624 cycles, respectively. 

on the precycling and capacity check cycles are as follow 
(2)  Capacity Checks : The ampere-hour capaci t ies  

2 



Q 

1 ~~-~~~~ 
Temperature 0" 0" 

Depth o f  Discharge 15% 1 5% 

Pack Nunber 7B 6 

Pmcycling Capacity 22.7 21.8 

88 Days 27.3 29.3 

176 Days 24.9 28.8 

264 Days 27.3 30.0 
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a. Cell Descr 

b. Test Parameters: 

(1) Test Temperature: 25" C. 

(2 )  Depth of Discharge: 25%. 

(3) Charge Vol tag@ L i m i t :  1.51 - + 0.03 901 t s  per 

(4)  Orb i t  Period: 8 h o u r s .  

cell , average. 

c. Test Results: 

(1) Performance on Cycling: (Figure 70) Cycling 
was started i n  Septenher 1966. This  pack failed i n  June 1970 af te r  
compl eti  ng 3875 cycles. 

(2) Failure Analysis: Analysis o f  the three ce 
o develop h i g h  pwssure 
case, All cells showed 
) materi a1 , separator 

the outside negati 
ti ve plates 

a OU a d  t-i es 
eS P %:: 



21 1 

304 

39 2 

475 

568 

66 1 

754 

841 

9 35 

1094 

1186 

1277 

Q 
KS 

238 

11.50 332 

3.73 425 

5.90 506 

2.40 60 1 

6.40 69 4 

3.57 787 

3.90 868 

4.20 999 

2.67 1125 

2.63 1213 

2,47 ( Fai led) 

12.43 

9.0 

2.87 

7.53 

6.73 

5.17 

3.40 

3.33 

3.63 

0.67 

4 .OO 

29 0 

365 

45 3 

5 33 7.77 

6 29 6.77 

722 4. 

81 5 4.03 

902 4.43 

1027 3.77 

1158 6.63 

1239 2.27 
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a. Cell Desc 
shape. The cell j a r s  and 
An auxiliary electrode (adhydrode type) 

Space Flight Center before b 
a wrap of fiberglass materi 

strengthen them. The auxi 1 i ary e lec t ro  
nation only. 

be Test Parameters : 

Pack Test Percent Depth Auxi 1 i ary E 1 ectrode 
Nuher Temperature of Discharge Resistors (Ohm) 

5 7D 0' C 18 1 

699 2 5 O  c 18 1 

33c 40' C 18 1 

c .  Test Results: 

(1) Performance on Cycling: (Figure 71) Cycling 
w a s  s ta r ted  i n  February 1968. Pack 57D has completed 1006 cycles 
t o  date w i t h  one cell failure. Packs 69B and 33C fa i led on cycles 
507 and 447 respectively 

cells shawed the major cause o f  fa i lure  t o  be loose negative material 
migration of the negative p la te  nd separator dete 
OtheP conditions found were weak ate  welds and e l e  
leakage e 

the capacity 

(2 )  Fai lure Analysis: Analysis o f  the seven fai  led 

(3) C a ~ a c i t ~  Checks: The a w e  -hour capaci t 
eck cycles are as follows : 

49 



CKS 

Depth o f  Discharge 

Pack ~~~e~ 

100 Days 

200 Days 

300 Days 

400 Days 

450 Days 

500 Days 

600 Days 

700 Days 

800 Days 

900 Days 

1000 Days 

F - Fai led 

t 

2 4 - h ~ ~  

0' 2 5' 40' 

18% 18% 18% 

570 69B 336 

4.10 7.55 8.70 

7.20 7.00 6.85 

4.10 3.50 5.15 

2.85 2.20 4.85 

8.35 1.85 

4.80 

3.95 

3.90 

2.90 

3.84 

6.75 

F 

F 
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manner sinri l a r  t o  
1s obtained by i 
s e t  1s reduced t 
oxi di 2ed to  cadm4 
voltage on the coulometer u n t i l  the inbalance is complete. Then the 
coulometer voltage rises very sharply. The coulometer reaction can 
take place i n  ei ther direction, charge or discharge, because the 
coulometer reaction i s  completely reversable. Thus i t  is easy t o  
detect when 100 percent o f  the discharge has been returned t o  the 
cells. 

2. Gulton 6,O ah (Nickel-Cadmium), Four 5-cell Packs, 
1.5-hour O r b i t  Period (with Gulton Plates) : 

a. Cell Description: These cells are rectangular. 
The cell containers and covers are made o f  stainless s teel .  Both  
terminals are insulated from the cell cover by a ceramic seal whi  
protrudes through the cover as solder type terminals. These cells 
are different f r o m  previous Gulton cells i n  that the plates were 
manufactured by Gul ton  rather than SAFT o f  France. 

b . Test Parameters : 

Pack Tes t "Percent k p  
Number Temperature o f  Discharge 

39 D 50 

6 38 O 0  50 

3c 20 O 50 

27D 40 O 50 1 

52 



t Re 

a i lures have QCCU 
D a f t e r  115 cycl 

(2)  Capacity Checks 
on the p ~ c y c l i n g  and capacity chec 

O r b i t  Period 

Temperature - 2 O O  

Depth o f  D1 s ch arge 50% 50% 50% 50% 

Pack Number 39 D 63B 3C 290 

Precycling Capacity 6.30 5.70 6.09 6.00 
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6 -0 P 
0 

t ion:  The cells a e 
r are made o f  

d from the cell cover 
cover as solder  

i n  the Radio As 

41 B -20" c 
668 0' c 
18C 25' C 

298 40' c 
c. Test Results: 

(1 )  Performance on C! 

b Test Parameters : 

Pack Tes t Percent Depth 
Number Temperature of Discharge 

25 

25 

25 

25 

c l ing :  (Figures 76 t h r o r  g 
78) Cycling was-s tar ted i n  November 1966. Packs 418 and 669 ~ a v @  
completed 10,396 and 11,602 cycles, respectively, t o  dat 
cell fa i lure  i n  pack 418. Packs 298 and 18C fa i l ed  a f t  
9633 cycles respectively a 

58 
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Pmcycli  ng Capacity 

176 Days D i s h  12 

264 Days Disch P2 

352 Days Disch #2 

440 Days Disch #2 

528 Days Msch 82 

616 Days Disch #2 

704 Days Disch 12 

792 Days Msch R2 

- 
25% 

41 

6,60 

6.45 

4.75 

4.50 

3.25 

3.05 

0.90 

2.40 

2.15 

1.45 

1.35 

3 e90 

a 30 

.I 

.QO 

Q0 

25% 

668 

7.15 

6 3 0  

6.40 

5.70 

5.25 

4.75 

4.55 

4.00 

4.25 

4.25 

* 

25' 

25% 

2.75 

1.80 

1.50 

1.50 

1.35 

1.50 

1.50 

1.50 

1 .ti5 

1.50 
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25 

6 2 5  

2.35 
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1.80 
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1.55 
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Q 1-1 

a. Cell Description: These cells are 
containe~ and cell cover are made of stairs 
dnals are insulated from the cell cover by a teflon sea 

and protrude through the ave r  as a threaded terminal. Each c 
is  also fitted w i t h  a pressure relief valve. Cells 1 thmugh 
i n  each pack are standard cells; cells 6 through 10 contain a 
stainless steel eliptical spr ing which supplies the presssure t o  
the face o f  the plates. 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

10B 20° c 25 

228 20° c 25 

34c 20Q C 40 

46B* 20' C 40 

72C 20° c 75 

c. 

s 



weak tab-to-plate welds extraneous active mated a 
on the positive plates were also i n  evidence. Packs 228 and 468 
were discontinued when they failed t o  reach the voltage limit on 
cycling thereby receiving a recharge i n  excess o f  200 percent 
which  was causing the cell cases t o  become exceedingly h o t .  These 
packs were sent t o  NASA, Lewis Research Center, for further t e s t i n g  
and/or failure analysis. 

(3) Capaci ty Checks : The ampere-hour capaci ties on 
the precycling and capaci ty check cycles are as follows: 

Orbit Period 1.5 1.5 1.5 1.5 3.0 

Tempe rat ure 20° 20° 20° 20° zoo 
Depth o f  Discharge 25% 25% 40% 75% 40% 

Pack Number 1 OB 2 28 34c 72C 46B 

Precycling Capacity 20.80 20.70 20.50 23.10 21.70 

88 Dqys 21.67 20.00 19.70 22.70 20.20 

176 Dqys 22.20 7.00 18.30 22.00 9.00 
D D 

D - Discontinued 

16 
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E. T h e ~ i s t o r :  This method o f  char 
tor t o  maintain a constant to t a l  
fied temperature. Should the speclfie 

exceeded or lavered, the resistance o f  the the 
pond1 ngly changed. The chargi ng ci rcui try t k  
voltage limit and the charge current is automatically a ~ u ~ t e d  t o  
maintain the new limit. 

, 

1 .  Gulton 6.0 ah (SAS A), One 8-cell Pack, 1.5-hour 0 
Peri od ( Pack 180) : 

a. Cell Description: These cells are rectangular. 
The cell container and cover are made o f  stainless s teel .  The 
positive terminal is insulated from the cell cover by a ceramic 
seal while the negative terminal is welded t o  the cover. Both 
are solder type terminals. Cells o f  this type are used i n  the 
SAS A sa te l l i t e .  

b. Test Parameters: 

(1) Test Temperature: 25' C. 

(2)  Depth of Discharge: 21%. 

c. Test Results: 

(1) Performance on Cycling: (Figure 84) Cycling 
started i n  July 1970. This pack has completed 2335 cycles. 

(2 )  Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 

Precycl i ng Capaci ty  6 -99 

88 Dqys 7.75 

t 
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ah (SI% B ) ,  One 8-cel 

a. Cell Description: These cells a 
The cell container and cover are made of stainle 
posdtive terminal is insulated from the cell co 
seal, while the negative terminal is welded to  
hole, solder tabs are welded t o  the tops of the 
o f  this type are used i n  the SAS B sa te l l i t e .  

b . Test Parameters : 

(1 )  T e s t  Temperature: 25' C. 

(2) Depth o f  Discharge: 21%. 

c. Test Results: 

(1) Performance on Cycling: (Figure 85) Cycling 
started i n  July 1970. T h i s  pack h a s  completed 2335 cycles. 

(2)  Capaci @ Checks : The ampere-hour capaci ties 
on the precycling and capacity check cycles are as follows : 

Precycli ng Capacity 6.99 

88 Days 6.13 
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SECTION 111 

CELLS ON ORIGINAL TEST PROGRAM WHICH HAVE 
C O W  LETE D TEST 

175 
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c@nt less . 
6 ,  Capacity Check Results: 

1. The ampere-hour capacity was checked appmxi mately 
every 88 dqys. These capacity checks shwed that temperature had 
a very definite effect on the loss of capacity. The packs cycled 
a t  40" C shaved a very rapfd drop i n  capacity u n t i l  fai lure 
occurred. The loss o f  capacity was\not as severe for the packs 
a t  25" C while those operated a t  0" C shwed very l i t t l e  capacity 
loss. Orbit periods and depths of discharge also have a small 
effect b u t  these do not shw any definite trends, 

degrade during l i fe  cycling. 
2. The ampere-hour capacity checks also shaw hw the cells 

D. Cell Failures: 

1. The analysis of the failed cells i s  a very important 
From these analyses manufacturing phase of the testing program. 

defects, poor design,  and material weakness can be detected and 
an effort made to  correct or improve them. T h i s  i n  t u r n  will 
lead t o  a better product w i t h  better performance characte 

2 Speci al  Considerations : 

177 



 isc cuss ion ai lures : 
I 

neral Observations : 

(1) Most of the cell faJ lures occurred at  the higher 
ambient temperatures. The cell failures were earl 

u e n t  a t  the greater depths of discharge and shorter orbi t  periods ., 
tai led sumnary of the failure analysis for each cell may be 

obtained by req st to  the NASA Technical Officer (See ~nt roduct ion)~  

(2)  Many of the cell failures may be considered 
premature. Because they resulted f r o m  a defect i n  manufacture o r  
design. This  is i n  contrast t o  an end-of-life failure, i n  w h i c h  a 
basic component, such as a separator, has reached the end of its 
normal l ife span a t  the particular cycling conditions. Some exanples 
of premature failures are those due t o  leakage, pierced separators , 
burned tab ,  ceramic short, o r  extraneous active material. 

(3) I t  is frequently difficult  t o  isolate the exact 
cause of failure for a particular cell. In some cases several 
factors mqy have been responsible. In others, i t  is not obvious 
why the conditions found should have resulted i n  failure. For t h i s  
reason, unless otherwise stated, this report will not attempt t o  
isolate the direct cause of failure;  the conditions noted i n  the 
discussions are included because they are abnormalities and because 
they m q y  have contributed to the cell failure. 

b.  Discussion of Failures by Cell Type: 

(1) E: 

(a) 3.0 ah Cells: here were 48 cell ures , 
o f  which  four were a t  6" C, 19 were a t  25" 6,  and 25 were a t  the 
50'-40' C anbient temperature e 

tions except 25 percent 
p e ~ o d ~  T h i s  was probab 
short separators , w h i c h  
cycli ng. Separator de 

178 



ccu after 239 dqy 
ign separator det 

nternal pressures occur 
temperatures 

(a) 3.5 ah Cells: There were 63 cell failures, 
ch eight were 
O C anbient t e  

Ob C ,  26 were a t  25' C and 29 were at  

1. Weight loss w a s  one of the main condi- 
tions found i n  these faiTures. Losses ranged from 1.0 gram t o  7.1 
grams. Deposits were always present w i t h  the weight loss which  
occurred earlier at  25' C and 40' C b u t  did not appear i n  the cell 
failures a t  0' C u n t i l  after 687 days of cycling. Migration and 
separator deterioration were present at  all  conditions . The nunber 
of weak welds inside alf the cells analyzed varied w i t h  tenperature 
as indicated by 14 weak welds out o f  29 failed cells at 40' C; 11 
weak welds out of 26 failed cells at 25' C;  and 1 weak weld out of 
8 failed cells a t  0' C. 

(b )  20 ah Cells: There we= 29 cell failures, 
of which five were a t  0' C ,  12 were a t  25" C and 12 were at  
5Oo-4O0 C anbient temperature. 

1 High internal pressure w a s  present i n  
alms t a l l  fai lures. Pierced separator was more predominant at  the 
1.5-hour o r b i t  period at  a l l  ah ien t  temperatures. Blisters were 
present on the positive plates a t  25" C for the 3-hOUT o r b i t  period 

e 1.5-hour and %hour o rb i t  periods a t  40" C. 

(3)  ton: 

68 fai lures 
We 5oo-400 c 
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50°-400 C ambient t e ~ e r a t u ~ .  

1. Weight losses were ve 
and 25" C and'ranged ifmi6 6.8 grams t o  26.9 grams 
cells t h a t  l o s t  weight  d id  not show signs o f  leakage i n  the form o f  
depos i t s  around the seals. Several cell fa i lures  were caused by the 
sides o f  the case being pushed against  the buses a t  the top o f  the 
plates ,  Migration and separator deterioration were found a t  40' C 
b u t  not very c m o n  a t  0" C o r  25" 6. 

(4 )  Sonotone: 

(a )  5.0 ah Cells: There were 51 cell failures, 
of which six were a t  0" C,  21 were a t  25" C and 24 were a t  5Oo-4O0 C 
anbient temperature. 

1. Excess scoring, along w i t h  migration, 
was present i n  most of tKe cell fai lures  a t  a l l  anbient temperatures. 
Separator deterioration was more frequent a t  25" C and 40" C. High 
internal pressure and leakage as shwn by deposits around the sea l  
wen present a t  25" C and 40" C. 
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TABLE II 

SUMMARY OF TEST PARAMETERS 

For each o r b i t  per iod,  one pack o f  each o f  the seven c e l l  types i s  
cycling a t  each o f  the s i x  temperature-depth of  discharge combina- 
t ions e 

ORBIT PERIODS : 
1.5 Hours 

3.0 Hours 
and 

Discharge 
Time 

30 Minutes 

Charge Temperature Percent Depth 
T i  me O C  o f  Discharge 

15 
60 Minutes I 40 I 25 

2.5 and Hours 5 
15 

I O 1 2 5  

* All packs chaiiged t o  40' C ambient. 
I 
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SECTION I V  

COMPLETED TESTS OF CELLS WHICH FOLLOWED THE 
OR1 GINAL PROGRAM 
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I. COMPETED TESTS OF LLS WHICH FOLLOWED THE ORIGINAL PROGRAM 

added t o  the cycling program t o  obta in  informa- 
on new cell types or new tes t  parameters. E 

considered a failure when i ts  terminal voltage drops below 0,5 volt 
d u r i n g  cycling. Testing has been terminated on all packs covered 
i n  this sectdsn o f  the report. 

60 percent or more of the cells failed. A 

I I .  CELLS USING CONSTANT CURRENT CHARGE WITH VOLTAGE LIMIT CONTROL 

A. N i  ckel-Cadmi um Types : 

1. Gulton 6.0 ah, One 5-cell Pack, 24-hour Orb i t  Period 
(Pack 79A) : 

a ,  Cell Description: The  cells are rectangular i n  
shape, The cell container and cell cover are made o f  stainless 
steel. The pos Live terminal is insulated from the cell cover by 
a ceramic seal ; while the negative terminal is welded to the cover. 
Both are solder type terminals e 

b .  Test Parameters: 

(1) Test Temperature: 25' C. 

(2 )  Depth o f  DSscharge: 50%. 

c. Test Results: 

( I )  Performance on Cycling: CycIi ng was started i n 
March 1964, The pack failed on cycle 545 w i t h  four cell failures. 

(a )  All cell voltages dropped below 1.0 volt a t  
the end o f  discharge wilAI the original 150 percent o f  recharge. 
Increase of the recharge t o  200 percent a f te r  cycle 57, caused the 
end-of-di scha ve cells t o  remain fair ly  constant 

d a t  149 and 168 cycles; then the 
maining three cells climbed t o  an 
end-of-charge voltages remai nded 

ts per cell average, 



(b) Cell Fai lures: Analyses o 
f a  t h a t  a l l  had separator ~ e t e r i  orati 
i n g  on the pos i t i ve  plates.  The f i r s t  two f a i l u r e  
na l  pressure as ind icated by outgassing when opened. The l a s t  two 
fa i lu res  had p inpoint  migrat ion which caused shorts through the 
separator. 

(2) Capaci ty Checks : The ampere-hour capaci ti 
p r e ~ c l ~ ~ g  and capacity check cycles are as fol lows: 

Precycl i ng 6.60 

88 Days Disch #2 3.55 

176 Days Disch #2 4.40 

264 Days D i s h  #2 4.25 

352 Days Disch #2 4.05 

440 Days Disch #2 3.50 
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2. Gulton 50 ah, Two 5-cel l  Packs, 1.5-hour O r b i t  Period: 

a. Cel l  Description: These are rectangular, hermet- 
i c a l l y  sealed, nickel-cadmium ce l l s  e 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

95A 0" c 25 

123A 40" c 25 

c. Test Results: 

( I )  Performance on Cycling: Cycl ing was s ta r ted  
i n  June 1964. 

(a) Pack 958 f a i l e d  on cycle 3227. The end-of- 
charge voltage increased and the  end-of-charge current decreased 
s tead i l y  un t i l  the f i r s t  c e l l  f a i l e d  on cycle 2643. The end-of- 
charge voltage then decreased and the end-of-charge current 
increased. The second c e l l  f a i l u r e  occurred on cyc le 2938 but  t h i s  
d i d  not a f f e c t  the operation o f  the pack. The separator i n  each o f  
the f i rst  two f a i l e d  ce l l s  was very dry and shor t  c i r c u i t s  had 
occurred between the plates.  Large b l i s t e r s  were present on the  
pos i t i ve  plates o f  the f i r s t  fa i led  c e l l  and s l i g h t  migration of 
materi a1 from the negative plates was evident i n  the second f a i  l e d  
c e l l  , The pos i t i ve  plates o f  the t h i r d  f a i  l e d  c e l l  showed large 
b l i s t e r s  and separators impregnated w i th  negative p l a t e  materi a1 . 

(b) Pack 123A completed 1873 cycles when the 
f i rst c e l l  f a i l u re  occurred. I t  had lovb voltage during the d is-  
charge and the recharge. Two add1 t i o n a l  c e l l s  shorted ou t  wh i le  

, the  pack was o f f  cyc l ing t o  remove the f i r s t  f a i l e d  c e l l .  The 
separators o f  a l l  three ce l l s  had deteriorated, resu l t i ng  i n  shorts 
between the  plates i n  two o f  these ce l l s .  The outside negative 
plates o f  two c e l l s  we're stuck t o  the case. The three f a i l e d  c e l l s  
had bulged cases f r o m  high In te rna l  pressure; two o f  which were 
s t i l l  under pressure, and the t h i r d  had a carbonate deposit a t  the 
posi ti ve terminal  e 
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( 2) Capaci ty Checks : The ampere-hour capaei ti es 

(a) Pack 95A: 

on the p r e c y ~  dng and capacity check cycles are as follows: 

Precycling 54.6 

88 Dqys Disch #2 59.6 

176 Days Disch #2 45.4 

(b) The precycl ing capacity o f  pack 123A a t  
40° C was 27.9 ampere-hours. An equipment f a i  l u re  in ter rupted the 
f i r s t  capacity check. The pack was then allowed t o  complete an 
addit ional month o f  cycl ing i n  order t o  l e t  the cells s t a b i l i z e  
again before receiving a capacity checks but the pack f a i  l ed  shor t ly  
before the capacity check was t o  have begun. 
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3. GE 12.0 ah, One 5-cell Pack, 24-hour Orbit Period 
.(Pack 93A): . 

a. Cell Description: The cells are rectangular i n  
shape. The cell container and the cell cover are made of stain- 
less steel. Both terminals are insulated from the cell cover by 
ceramic seals and protrude as 1/4-20 threaded p o s t s .  

b. Test Parameters : 

(1) Test Temperature: 25' C. 

(2 )  Depth of Discharge: 50%. 

c. Test Results: 

( 1) Performance on Cycli ng: Cycling w a s  started i n 
March 1964. T h i s  pack fai led on cycle 349. 

(a) Average end-of-discharge voltage fell t o  
less than 1.0 volt  per cell under the original test paramters, bu t  
satisfactory operation w a s  obtained when the percent of recharge 
was changed t o  200 percent after cycle 57. 

( b )  In order t o  gain additional information the 
environmental temperature w a s  raised from 25' C t o  40' C a f te r  173 
cycles, w i t h  the charge voltage limit lowered t o  1.45 volts per 
ce l l ,  average. A t  40' C the pack d id  not operate as well. End-of- 
discharge voltages of the pack were low and quite variable. Two 
cells appeared t o  have fai led on cycle 266. Since the f i r s t  cell 
shwed no defects upon failure analysis , the second cell w a s  dis- 
charged completely and shorted overnight.  I t  was then charged for 
16 hour s  a t  the c/lO rate, and discharged again a t  the c/2 rate, 
a l l  a t  25" C. I t s  capacity was t h u s  found t o  be 12.9 ampere-hours. 
I t  was returned t o  the pack and continued t o  cycle until the pack 
failed on cycle 349. The cycling behavoir o f  these a30 cells was 
attr ibuted t o  insufficient charge acceptance. A t  no time w a s  the 
on-charge voltage limit reached. The end-of-charge voltage remained 

.39 volts per cell a t  both temperatures. 

(c) The four remaining cells ( in~1ud~ng  the one 
1) failed on cycle 349, All of the cells showed 
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~ ~ i o r a t i o n  and ~ g r a ~ i o n  of the ne 
igns o f  leakage asound the te 

(2) Capacity Checks: The ampere-hour capacities on 

Pmcycli ng 25" C 13.0 

the ~ ~ c y c 1 i n ~  and capacity check cycles are as follows: 

100 Bays Disch #2 2'5" C 7.60 

231 Days Disch #2 40" C 6.50 

339 Dqys Disch #2 40" C 5.00 
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B. Si 1 ver-Zi nc Types : 

1. Delco-Remy 25,O ah, Two 5-c!?l1 Packs, 24-hour Orbit 
Period: 

a Ce 1 1 k s  cri  p t i  on : 

( 1 )  Pack 89A: Manufacturer's Standard Model. 
These ce l l s  a re  rectangular i n  shape w i t h  the  ce l l  containers and 
cell  covers o f  nylon. 
packs by the manufacturer. 

The cells were epoxy potted i n t o  5-cell 

( 2 )  Pack 75A: Same as standard model, Pack 89A, 
except fo r  the addition o f  one percent o f  palladium t o  the positive 
plate materi a1 e 

b. Test Parameters: Both packs were cycled a t  the 
t e s t  parameters listed below: 

(1) Test Temperature: 25" C. 

(2 )  Depth of Discharge: 40%. 

(3) O r b i t  Period: 24 hours. 

c. Test Results: Cycling w a s  s ta r ted  i n  September 1964. 

(1)  Pack 89A (Standard Model) fa i led  on cycle 80. 

( 2 )  Pack 75A (Palladium i n  Positive Plates) fai led 
on cycle 32. 

(3)  Both packs were returned t o  the manufacturer 
fo r  fai 1 ure analysis. 

2. Delco-Remy 25.0 ah, Two 5-cell Packs, 3-hour O r b i t  
Period: 

\ 

a. Cell Description: 

(1) Pack 888: Standard model as Pack 89A, except 
t ion o f  one percent palladium i n  the posit ive plate  
the use o f  2.2xH Radi a t i  on Appl i  cati  on Company's 
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(2 )  Pack 88C: Standard model as Pack 89A,  except 
f o r  the  addi t ion o one percent pal ladium i n  the pos i t i ve  p l a t e  
mater ia l ,  and the  use o f  a 45 percent NaOH so lu t ion  as the  e lect ro-  
l y  t e  . 

b. Test Parameters: Both packs were cycled a t  the  
t e s t  parameters l i s t e d  below: 

(1) Test Temperature: 25' C. 

(2) Depth o f  Discharge:, 40%. 

(3 )  O r b i t  Period: 3 hours. 

c. Test Results: Cycling was s ta r ted  i n  March 1965. 

(1) Pack 886: One c e l l  f a i l e d  on cycle 100. The 
remaining ce l l s  s t i l l  functioned on cycle 120; a t  which t i m e  the 
pack was removed from tes t .  

325. 
(2) Pack 88C: Pack 88C was discontinued on cycle 

(3)  Both packs were returned t o  the manufacturer 
f o r  analysis e 

3. 
Period (Pack 75B): 

Delco-Remy 40.0 ah, One 5-ce l l  Pack, 24-hour O r b i t  

a. Cel l  Descript ion: Manufacturer's Standard Model. 
These c e l l s  are rectangular i n  shape w i th  the c e l l  containers and 
c e l l  covers o f  nylon. These ce l l s  were epoxy pot ted i n t o  one 
5-ce l l  pack by the  manufacturer. 

b . Test Parameters : 

( I )  Test Temperature: 2 5 O  C. 

(2 )  Depth o f  Discharge: 40%. 

(3) O r b i t  Period: 24 hours. 



c. Test Results: Cycling was s tar ted i n  October 1964. 
One c e l l  f a i l e d  whi le the pack was being prepared f o r  test; a second 

1 f a i l e d  on cycle 34. The remaining three ce l l s  s t i l l  functioned 
on cycle 139; a t  which time the pack was removed from test .  

4, Yardney 12.0 ah, One 10-cell Pack, 24-hour Orb i t  
Period (Pack 9A) : 

a. Cell  Description: These are vented ce l l s ,  rectan- 
gular i n  shape, w i th  the containers and covers o f  p l a s t i c  materSa1. 
They contained a l im i ted  amount o f  e lect ro ly te .  The ce l l s  were 
i ndi v i  dual ly epoxy potted t o  hermetical l y  seal them. 

b . Test Parameters : 

(1) Test Temperature: 25' C. 

(2) Depth o f  Discharge:' 42%. 

(3 )  O r b i t  Period: 24 hours. 

c. Test Results: Cycling was s tar ted i n  May 1965. One 
c e l l  f a i l e d  on cycle 53. Three addit ional ce l l s  f a i l e d  on cycle 58. 
Fol1 owing removal o f  the f a i  l e d  ce l l s  , the remai n i  ng ce l ls  d i  d not 
respond t o  cycling; thus f a i l i n g  the pack. 

92 



C ,  Silver-Cadmium Types: 

1.  Yardney 3.0 ah (FR-1) One 9-cell Pack I) 1.5-hour Orb1 t 
Period (Pack 26) : 

a. Cell Description: These are vented cells rectan- 
gular i n  shape, w i t h  the cell j a r s  and cell covers molded of a 
p las t ic  material. The cells were epoxy potted, by the manufacturer, 
into a metal container like t h a t  used i n  the French satell i te FR-1. 

b.  Test Parameters : 

(1)  Test Temperature: 25' C. 

(2 )  Depth o f  Discharge: 16.67%. 

c. Test Results: 

(1) Performance on Cycling: Cycling w a s  started i n  
September 1966. T h i s  pack completed 7039 cycles before several 
cells blew up destroying the pack. The end-of-discharge voltage 
had been very consistent a t  1.08 volts per cell , average. The per- 
cent of recharge was very close t o  100 percent. 

(2)  Capaci ty Checks : The ampere- hour capaci t ies  on 
the precycling and capacity check cycles are as follows: 

Precycl i ng Capaci ty 2.52 
88 Day Discharge- * 

176 Day Discharge 0.85 

264 Day Discharge 0 -87 

352 Day Discharge 0.67 

* F i r s t  88 day capacity check not 
performed because of equi went 
mal f unc ti on , 
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2. Yardney 5.0 ah (6-3 Separator) Three 5-ce l l  Packs, 
i t  Period: 

on: These are vented ce l l s ,  rectan- 
gular i n  shape, w i th  the c e l l  containers and c e l l  covers o f  p l a s t i c  
material.  The plates wcwe insu lated w i th  C-3 separators. The c e l l s  
were epoxy pot ted i n t o  5-ce l l  packs, a t  the Goddard Space F l i g h t  
Center, i n  order t o  hermet ical ly seal them. 

b. Test Parameters: 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

578 oo c 20 

21 A 25' C 20 

45A 4 0 O  c 20 

c. Test Results: 

(1) During cycle li f e  , the end-of-discharge voltage 
of the packs remained around 1.09 vo l t s  pe r  c e l l  , average; whereas 
the  approximate percentage o f  recharge increased from 105 t o  115 
percent. 

(2) Performance on Cycling: Cycl i  ng was s ta r ted  i n 
September 1965. 
and 61 respectively, 

and two on cycle 267. 

Packs 57B, 21A and 45A f a i l e d  on cycles 267, 98 

(a)  Pack 57B: One c e l l  f a i l e d  on cycle 138, 

(b) Pack 21A: One ce f a i l e d  on cycle 90, and 
two on cycle 98. 

(c) Pack 45A: The pack a i l e d  on cyc 

f 
rned t o  Goddard 

because o f  severe leakage. 

Checks: The a 
es 
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I NG 

24-hour 

Tempe rat u re  O0 25' 40' 

Depth o f  Discharge 20% 20% 20% 

Pack Nunber' 578 21 A 45A 

Precycli ng Capacity 3.67 5.80 6.00 

100 Dqys 1.83 0.76 

200 Dqys 1.33 



(Cellophane Separator) Two 5-ce 

a. Cell Description: These are vented c e l l s ,  rectan- 
gular i n  shape, w i t h  the cell j a r s  and cell covers molded o f  a 
p l  as ti c materi a1 . The separator materi a1 is cellophane (6-19) e 

One of the 5-cell packs (Pack 9C) had been subjected to  gama radia- 
t ion (2x107 rads). The cells were epoxy potted in to  5-cell packs 
a t  the Goddard Space F l f g h t  Center. 

b . Test Parameters : 

Pack Test Percent Depth 
Number Temperature of Discharge 

9C 25' C 20 

33B * 25O C 20 

* Control Pack 

c. Test Results: 

(1) Performance on Cycling: Cycling w a s  s t a r t ed  i n  
October 1965. Cycling on Pack 9C was discontinued on cycle 34, and 
Pack 33B fa i led  on cycle 720. 

(a )  Pack 9C: One cell fa i led on cycle 34. 
Since the separator material of the cells i n  this pack had been 
subjected t o  gama radiation, the pack was returned t o  Goddard Space 
F l i g h t  Center fo r  analysis. 

(b) Pack 33B: Two cells fai led on cycle 720. 
While the pack was removed from cycling t o  disconnect the two 
fai led c e l l s ,  the three remaining cel ls  fa i led.  The pack w 
returned t o  Goddard Space F l i g h t  Center fo r  analysis. 

Checks : The ampere-hour capac 
of Pack 338 on t check cycles are as fog1 

I00 Dqys 5.85 200 Days 6@13 

300 Days 6.35 400 Days 5.48 

500 Days 2,08 600 Day .88 
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Separator) One 5-ce 
9 2  

scription: These are vented cells rectan- 
e cell j a r s  and cell covers molded of a 

plastic material. The plates of the cells are insulated w i t h  
control separator material e Each cell h a s  a pressure gage 

ndtor ing internal cell pressure, The cells are i n d i v ~ d ~ a l l y  
otted t o  hermetical ly seal them. 

b. Test Parameters: 

(1)  Test Temperature: 2 5 O  C. 

(2) Depth of Discharge: 20%. 

c. Test Reshl ts : 

(1) Perpormance on Cycling: Cycling w a s  started i n  
October 1965. T h i s  pack failed on cycle 595 w i t h  i ts  third cell 
failure and was returned t o  Goddard Space F l i g h t  Center for analysis. 
There was very l i t t l e  var ia t ion  i n  both the average end-of-discharge 
and end-of-charge cell voltages u n t i l  the first cell failure a t  cycle 
494. Also the internal pressure as read on the gages was very law. 

(2)  Capacity Checks: The anpere-hour capacities on 
the eapaci ty check cycles are as follows: 

100 Days 4.95 

200 Days 4.17 

300 Days 3,20 



5.0 ah, Two 5-cell Packsp 8-hour 0 

terial i s  pellon and cellophane. ?he 
the Goddard Space F l i g ~ t  

Pack Test Percent Depth 

11 48 oo c 20 

r Temperature o f  Discharge 

118C 25" C 20 

c. Test Results: 

(1) Performance on Cycling: Cycling w a s  started 
i n  January 1967, Packs 1143 and 118C fai led on cycles 1496 and 
1505 respectively e 

(a) Pack 1148: Fa i lu re  of three cells, a l l  on 
cycle 1496 was due to silver migration and separator deterioration. 

(b) Pack 118C: Fa i lu re  of three cells, all  due 
t o  silver migration and separator deterioration, occurred relatively 
close together-at cycles 1468, 1491 and 1505. 

the p r e ~ y ~ ~ i  ng a 
e ampere-hour ~ a p a ~ i t  
are as follows: 



Temperature 

pth of Discharge 

30 Days 

60 Days 

90 Days 

120 Days 

150 Days 

180 Days 

210 Days 

240 Days 

270 Days 

330 Days 

O0 

20% 

11 48 

4.08 

4 .OO 

3.10 

2.50 

2.90 

2.98 

3.45 

2.48 

1.55 

1.75 

1 .I7 

1.65 

1 .18 

2 -40 

1.00 

0.9 

2 5' 

20% 

11% 

5,70 

5.37 

5.42 

5.32 

6.48 

6.25 

5.20 

6.55 

6.35 

5.83 

5.07 
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6. Yardney 10 ah One 5-eel Pack, 8-hour O r b  
(Pack 45D): * 

a. Cell Description: These are vented cel 
gu la r  i n  shape, w i t h  cell j a r s  and cell covers molded of a plastic 
material. The cells were individually epoxy pot ted  a t  the Goddard 
Space Flight Center i n  order t o  hermetically seal them. 

b.  Test Paiameters: 

(1) Test Temperature: 25' C. 

(2) Depzh of Discharge: 30%. 

c. Test Results: 

(1) Performance on Cycli ng: Cycling w a s  started i n 
May 1967. This pack fa i led on cycle 1759. Failure o f  the three 
cells, a l l  due t o  silver migration and separator deterioration, 
occurred a t  cycles 1666, 1756 and 1759. 

the precycling and capacity check cycles are as follows: 
(2)  Capaci ty Checks : The ampere- hour capaci ties on 

30 Days 

120 Days 

210 Days 

300 Bays 

390 Days 

480 Days 

Precycl i ng Capaci ty 13.50 

8.90 60 Days 9.60 90 Days 7.10 

8.45 150 Days 9.25 180 Days 8.50 

7.70 240 Days' 10.00 270 Days 9.55 

10 .60 330 Days 8.75 360 Days 5.60 

4.35 420 Days 5.60 450 Days 4.65 

3.15 510 Days 6.05 540 Days 3.15 
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7 .  Y qrdney 91 .O ah Two 10-cel Packs 24-hour Orbit 

a. Cell Description: These are vented cells,  rectan- 
gular i n  shape, w i t h  the cell j a r s  and cell covers molded of a 
plastic material e The cells were epoxy potted i n t o  10-cell packs 
a t  the Goddard Space F l i g h t  Center i n  order t o  hermetically seal 
them. 

b. Test Parameters: 

Pack Test Percent Depth 
Number ' Temperature of Discharge 

45B oo c 40 

21B 25' C 40 

c. Test Results: 

(1) Performance on Cycling: Cycling w a s  started i n  
Novembep 1966. Packs 458 and 218 were considered as having failed 
on cycles 121 and 69 respectively since three of the 10 cells i n  
each pack had by then developed internal shorts. A t  the request of 
Goddard Space F l i g h t  Center, the packs were returned for analysis. 

(2 )  Capaci ty Checks : The anpere- hour capaci ties on 
the precycl i ng and capacity check cycles are as follows: 

Temp era t ure O0 25' 

Pack Number 458 21 B 

Precycling Capacity 9.26 11.46 

00 Days 5.9 
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8.  Y a r d ~ y  14 ah, Two 5-cell Packss 8-hour Orbit Pe 

a. Cell Description: These are vented cells, rectan- 
gular i n  shape, w i t h  the cell Jars and cell covers molded o f  a 
plastic material. The cells were epoxy pot ted  in to  5-cell packs 
a t  the Goddard Space Flight Center i n  order t o  hermetically seal 
them. The cells of pack 21C have pellon (2505K) separators, and 
those o f  pack 45C have woven nylon separators. 

b e  Test Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

21c ' 25" C 27 

45c 25" C 27 

c. Test Results: 

(1) Perfomtance on Cycling: Cycling w a s  started i n  
March 1967. Packs 21C and 45C failed on cycles 37 and 70 respec- 
tively. Several cells i n  each pack developed high internal pressure 
w h i c h  resulted i n  breakage of those cell jars  and the epoxy potting. 

( 2 )  Capaci ty  Checks : The precycl i ng capaci ties for 
Packs 21C and 45C were 8.40 and 9.45 ampere-hours respectively. 
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9. Yardney 12.0 ah, Two lO-ce11 Packs 24-hour 0 

a. Cell Description: These are double seajed rectan- 
gular cells. T h a t  i s ,  each sealed polystyrene chll i s  Bncased i n  
a hermetically sealed stainless steel container. 

b e  Test Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

57A 0" c 50 

33A 40" C 50 

c. Test Results: 

(1) Performance on Cycling: 
February 1964. These packs failed on cycles 168 and 210. 

CyclJng w a s  started i n  

(a)  Pack 57A: Law end-of-discharge cell volt- 
ages began on cycle 31 and continued erratically until the pack 
failed on cycle 168. Although cell voltages had frequently fallen 
below the 0.5 volt fai lure po in t ,  they had not been classed as fai 1- 
ures earlier because of their erratic behavoir. After completion o f  
162 cycles, electrolyte had leaked out and formed a pool over the 
tops of the cells,  thus  sho r t ing  t h e m  out. The 10 cells were cleaned, 
after which  seven were returned t o  cycling. All seven cells leaked 
again after six additional cycli ng. 

failing cells on discharge w a s  fairly steady a t  about 1.06 volts 
per cell for the f i r s t  110 cycles w i t h  l i t t l e  o r  no drop  off a t  the 
end of discharge. Thereafter, the plateau voltage began t o  drop 
steadi ly and the end-of-discharge voltage became q u i  te errati c. 
T h i s  pack failed on cycle 210. All of the failed cells had d r i ed  
o u t  because of e e c t ~ ~ y t e  leakage e 

(b) Pack 33A: The plateau voltage of the non- 

( 2 )  Capaci ty  Checks : The ampere-hour capaci t 
cycllng and capacity check cycles are as follows: 

Pack Number 57A 33A 

cycll ng Capaci ty 3.8 13.5 

8.6 2 .o 
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Packs 1.5-hour 0 

a, Cell Qisc~iption: These are vented cells, mctan- 
gular i n  shape, w i t h  a l l  j a r s  and cell  covers molded of a plastic 

seal them. 
. The cells we i ndi vi  dual ly  epoxy potted t o  h e m t i  sal 

b.  Test Paramete 

Pack Test Percent Depth 
eratrire of Discharge 

85B -20" c 25 

970 oo c 25 

828 25" C 25 

c. Test Results: 

(1) Performance on CyclSng: Cycling w a s  s tated i n  
January 1966. Pack 858 fa i led  on cycle 2375, pack 978 on cycle 
4481 and pack 828 on cycle 4559. Que t o  poor charge acceptance a t  
-20" C the end-of-discharge voltage dropped below 0.8 vol t  per cell. 
On cycle 214, the tes t  temperature o f  pack 85B was increased t o  
40" C with a voltage limit of 1.55 volts per cell ,  average. The 
pack then cycled sa t i s fac tor i ly  w i t h  the end-of-discharge voltage 
being approximately 1.06 volts per cell e The end-of-discharge volt- 
age of pack 97B and 82B was also approximately 1.06 volts per cell .  

1s showed the cause of f a i lu re  to  be silver penetration of the 
(2)  Failure Analysis: Analysis of the 10 fai led 

separator r e su l t i ng  i n  an internally shorted ce l l .  

the pmcycling and capacity check cycles are as follows:: 
(3) Capacs" ty Checks : The anpere-hour capaci ties on 
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PRECYCLING AND CAPACITY CHECKS 

O r b i t  Period 1 .5-hour 

Temp era t u re -20°* O0 25' 

Depth o f  Discharge 2 5% 2 5% 2 5% 

Pack Number 856 97B 826 

Precycl ing Capacity 5.40 9.00 13.30 

88 Days 13.80 ** 4.50 

176 Days 8.70 3.50 2.90 

264 Days 13.70 5.70 3.30 

352 Days 9.60 3.70 

* Cycle 214 changed t o  40' C 

** Capacity check not performed due t o  low 
voltage on several ce l l s .  

E 
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QIl/C- 71-1 

G S O ~ ~ ~ ~ T ~ C A ~ E D  CHARGE *CONTROL ETHODS 

1. Gulton 6.0 ah (Nickel-Cadmium) S ix  5-cell Packs 
1.5-hOblr Orbit  Period: 

a. Cell Description: These cells are rectangular i n  
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as solder ty'pe terminals. A 
stainless steel t ab  is welded t o  the cell cover for the auxililary 
electrode terminal. The auxiliary'electrode is welded t o  the inner 
surface of the cell container. A resistor is mounted externally 
between the auxiliary electrode and the negative terminal. Recharge 
percentage may be adjusted by adjusting the voltage level o f  the 
auxi l i  ary electrode detector ci rcui t and/or varying the auxi li ary 
electrode resistance while maintaining a fixed voltage t o  the detec- 
tor ci rcui t. (See Section I I ,  Paragraph I1 .B . , for description o f  
control u n i t . )  

1 -  

b. Test Parameters: . .  
Percent T r i p  a Audi 15 ary Electrode 

Pack Test Depth o f  Voltage Level Resistors (Ohms) 
Number Temperature Discharge (Millivolts) 1 2 3 4 5 

59A 0" c 25 150 10 10 10 10 10 

71A 0" c 40 150 10 10 10 10 10 

238 25" C 25 300 12 12 20 29 24 

25" C 40 300 24 24 10 8 24 

35A 40" c 15 70 47 47 47 47 47 

47A 40" c 25 300 ! 11 12 11 

c .  Test Results: 

' (1) ~ e r ~ o ~ a n c e  on Cycling: Cycling was started i n  
,863 for pack 59A, 
ck 23A, on cycle 
d on cycle 5502 
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(2) Fa1 lu re  Analysis: 
a t  the  major cause o f  f a i  lure 
gra t ion  o f  the negative p l a t e  mater ia l  
h ich ranged f r o m  1.3 t o  8.7 grams e Othe 

l y s i s  o f  19 f a i l e d  ce l  
due t o  separator dete 

i n  the c e l l  were high i n te rna l  pressure, b l i s t e r s  OR the p o s i t  

to -p l  ate we1 ds * 

t he  capacity check cycles are as f o l l w s :  

1 ates , extraneous posi ti ve materi a1 cerami c shor t  and weak tab- 

(3) Capaci ty Checks 2 The ampere-hour capacit ies on 

O r b i t  Period 1.5-hour 

Terrp e r a t  u r e  0" 0" 25" 25O 40" 40" 

Depth o f  Discharge 25% 40% 25% 40% 15% 25% 

Pack Number 59A 71 A 23A 11A 35A 47A 

100 Cycles 7.15 7.25 3.40 4.12 2.95 3.65 

88 Days Disch #2 7.00 7.50 5.95 5.50 2.25 2.10 

176 Days Disch #2 3,50 7.00 3.85 3.15 1.60 1.70 

264 Days Disch #2 6.75 5.65 5.20 6.20 1.85 2.25 

352 Days Disch #2 6.50 4.00 4.35 2.00 

440 Days Disch #2 6.85 4.45 3.95 2.75 

528 Days Disch #2 9.00 4.20 2.75 2.80 

616 Days Disch #2 6.35 3.85 2.20 

Bisck #2 6.10 4.40 .50 

2 145 .55 

1.50 

00 

0.7% 
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2. Gulton 10,O ah (Nickel-Cadmium) , Three 5-cell Packs, 
1.5-hour O r b s  t Peri od: 

1 Description: These cells are rectangular i n  
shape. The cell container and cover are made o f  plastic. Each 
cell is ' f i t ted i th a pressure gage. Both  terminals pmtrude 
t h r o u g h  the cel cover as solder type terminals . Each cell 
contains an adhydrode as a signal electrode and an American Cyanamid 
type AB-6X electrode for a scavenger electrode. The adhydrode i s  
located i n  the center o f  the plate stack and welded t o  the base o f  
the pressure gage f i t t i n g .  The scavenger electrode is located on 
the side o f  the plate stack and connected internally t o  the nega- 
tive material. Each 5-cell pack was epoxy po t t ed  in to  a metal 
container by Gulton Industries i n  order t o  hermetically seal the 
cells e The cells were developed under Contract NAS 5-10241. (See 
Section XI, Paragraph X1.8.* for description o f  control u n i t . )  

Pack 
Number 

208 

88 

GB 

b ,  Test Parameters: 

Test Depth o f  Vol t a p  Level 
Auxi 1 i ary 
Electrode 

Percent T r i p  

Temperature Discharge (Millivolts) Resistors (Ohms) 

oo c 25 250 47 

25" C 25 250 47 

40" C 25 250 47 

c. Test Results: 

(1) Performance on Cycling: 
Pack 208 fa i  led d u r i n g  the precycli ng capaci ty , 

Cycling was started i n  
November 1967. 
pack 8B on cycle 2414, and pack 68 on cycle 602, 
WE? 

All three packs 
turned t o  Godd rd Space F l i g h t  Center for analysis. 

t 
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QE/C 71-1 

3. Gulton 20 ah (OM) (Nickel-Cadmium) Three 5-cel l  
Packs 1.5-hour O b i  

shape. The c e l l  container and c e l l  cover are made o f  stainless 
s tee l .  Both terminals are insulated from the cover by ceramic 
seals and pro t ru  through the cover as solder type terminals. 
Each ceramic sea i s  se t  i n  an expansion j o i n t  t o  remove the stress 
placed on the seal by the movement o f  the plates o r  c e l l  cover. 
A stainless s tee l  tab i s  welded t o  the cover f o r  the aux i l ia ry  
electrode terminal e The aux i l ia ry  electrode i s  welded t o  the 
inner  surface o f  the c e l l  container. A res is to r  i s  mounted 
external ly  between the auxi li ary electrode and negative termi nal 
This type c e l l  was used i n  the OM sa te l l i t es .  (See Section 11, 
Paragraph I I .B . ,  f o r  descript ion o f  control unit.) 

a. Cel l  Description: These ce l l s  are rectangular i n  

b. Test Parameters: 

Percent T r ip  Auxi li ary 
Pack Test Depth o f  Vol t age Leve 1 Electrode 

Nunber Temperature Discharge ( M i l l i v o l t s )  Resistors (Ohms) 

58B oo c 15 40 6.8 

12c 2 5 O  c 15 200 6.8 

36B 40' C 15 200 6.8 

(1) The fol lowing changes i n  the charge current 
were made i n  order t o  ob ta in  more data on the aux i l iary  electrode 
control.  

Pack Number Cycle Current Cyc Current Cy61 e Current 

58B 234 9-5  Amps 794 19.5 Amps 1518 

12c 85 9 A  Amps 262 9,5 Amps 629 10 Amps 

368 51 9.6 Anps 226 s 698 10 Amps 
Y 

c. Test Results: 

(1) Performance on Cycling: Cycling was s tar ted i n  
March 1967, Pack 368 co e 2740 on 5 September 
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capacities 

Tempe r a t  ure O0 2 5 O  4oo 

Depth o f  Discharge 15% 15% 15% 

Pack Nmber 588 12c 368 ' 

30 Days * 14.7 * 
88 Days 20.0 20.6 10.7 

176 Days 22.0 20.5 

264 Days 22.4 

* Capacity checks were not run due to the 
changes i n  charge rate.  



1 ( N i  ckel-Ca 

a. Cell Description: 

( I )  Each pack consists of three con~ntional cellls, 
11s w i t h  an auxdliary electrode, and a coulometer. Both 

types o f  cells, used i n  OAO satell i tes,  are rectangular i n  shape. 
The cell container and cell cover are made of stainless steel. 
Both terminals are insulated from the cover by ceramic seals and 
protrude through the cover as solder type terminals. Each ceramic 
seal is s e t  i n  an expansion j o i n t  t o  remove the stress placed on 
the seal by the movement of the plates o r  cell coven. 

(a) The cells w i t h  auxiliary electrode have a 
stainless steel t ab  welded t o  the cover for the auxiliary electrode 
terminal. The auxiliary electrode i s  welded to  the inner surface 
of the cell container. A resistor is mounted externally between 
the auxiliary electrcde and the negative terminal. 

type and are rated a t  20 ampere-hours. They are of the same case 
construction as the cells described above. 

control. A coulometer on each pack is monitored t o  note haw well 
the two charge control devices i n  the pack function. 

(5) The coulometers are o f  the cadmium-cadmium 

(2) These packs are cycled w i t h  auxiliary electrode 

b. Test Parameters: 

Percent T r i  p Auxi l i  ary 
Pack Test Depth o f  Voltage Level E 1 e ct  ro de 

Nunber Temperature Discharge (Millivolts) Resistors (Ohm) 

58c * 40 250 47 

36C %z 25 47 

28 .di: 5 250 4 

n t  t e ~ e r a t u r e  which 
i n  a cycle period o f  
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c. Test Resu 

(1) Performance on Cycl i  ng: Cycl i  ng was s ta r ted  
968, Packs 58C and 36C f a i l e d  on cycles 131 and 966, 
ly ;  b u t  Pack 12D was discontinued on cycle 7262. A11 
s were returned t o  Goddard Space F l i g h t  Center f o r  f a i l u r e  

(2) Capaci ty Checks : The ampere-hour capaci t i e s  on 
the precyc l i  ng and capacity check cycles are as fol lows: 

58c 36C 12D 

Temperature * * * 

Precycl i  ng 
Capaci ty 22.7 22.9 25.3 

88 Days 13.7 

176 Days 6.3 

264 Days 5.8 

352 Days 5.7 

440 Days 6.9 

* The temperature cycle i s  stopped a t  
25' C f o r  each capacity check cycle. 
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5. GE 6.0 ah (Nickel-Cadmium), Two 5-cel l  Packs, 1.5-hour 

a. Cel l  Descript ion: These c e l l s  are rectangular i n  
shape. The c e l l  container and the c e l l  cover are made o f  s ta in less 
s tee l .  Both terminals are insu lated f r o m  the c e l l  cover by ceramic 
seals and protrude through the cover as solder  type terminals. A 
s ta in less s tee l  tab, welded t o  the cover, provides the terminal f o r  
the aux i l i a ry  electrode. The aux i l i a ry  electrode (Type C) i s  welded 
t o  the i nne r  surface of the c e l l  container. A r e s i s t o r  i s  mounted 
ex terna l l y  between the auxi li ary electrode and the negative termi nal . 
The plates o f  the  ce l l s  o f  Pack 9G are separated w i th  a material 
ca l led  'Themsorb" whereas those o f  the c e l l s  o f  Pack 27C are 
separated w i t h  "Pellon" used as the standard f o r  t h i s  tes t .  (See 
Section 11, Paragraph II.B., f o r  descr ip t ion o f  cont ro l  unit.) 

b . Test Parameters : 

P e rce n t T r i  p Auxi 1 i ary 
Pack Test Depth o f  Voltage Level Electrode 

Nurrber Temperature Discharge ( M i l l i v o l t s )  Resistors Separator 

9G 40' C 25 500 510 Ohms Chemsorb 

2 7C 40' c 25 500 510 Ohms Pel lon 

c. Test Resulfs : 

(1) F'erformance on Cycling: Cycl ing was s ta r ted  i n  
I )  November 1 9 68 e 

(a) Pack 9G: This pack f a i l e d  on cycle 143 a t  
which time three ce l l s  shorted i n te rna l l y .  
the auxi l i a r y  electrode shorted t o  the posi t i v e  terminal e 

I n  one o f  these, c e l l s  

1. One o f  the fa i l ed  ce l l s  was returned t o  
Goddard Space F l i g h t  Cenrer f o r  de ta i led  analysis o f  the separator 

1 
2. Fa i lure analysis o f  the other  two ce l  

shewed' t h a t  d i s t o r t i o n  07 the cases and covers caused by high 
i nternal  pressure I) moved the corner o f  the plates opposite the t 
i n  one c e l l  i o the bus o f  the plates o f  opposite p o l a r i t y ;  and 
the other cel  es cam i n t o  contact w i th  the ce 

de t o  the posl ti ve 
de ter i  o r a t i  on 
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(a)  Preqycling consisted o f  a charge a t  the 
cling rat 
ve cells 

the a ~ i l i a ~  electrode voltage of 
50Q millivolts followed by a discha 

cycling rete t o  1 .QO volt per cell average. Ea 
3.15 ampere-hours on precycl i ng. 

(b) Capacity chedc cycles were t o  be identical 
t o  the precycling check cycle b u t  none were made because of failure 
or di s conti nuance of cycl i ng before f i  rs t schedul ed capaci ty cheek 

I 
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6. 12.0 ah ( ~ i ~ e l ~ c a d r n i ~ )  , Four 5-ce 
0 

Description: These cells are rectangular i n  

seals and protrude through the cover as 1/4-20 threaded posts. A 
stainless steel tab is welded t o  the cell cover for the auxiliary 
electrode terminal e The auxiliary electrode is a fuel cell type 
electrode and is welded t o  the inrter surface of the cell container. 
A resistor is mounted externally between the auxiliary electrode 
and the negative terminal. (See Section 11, Paragraph I I .B . ,  for 
description of control unit.) 

hape. The cell container and the cell cover are made of stainlegs 
tee1 e Both terminals are insulated from the cell cover by ceramic 

b. Test Parameters: 

Auxi 1 i ary 
E 1 ect rode 

Percent T r i  P 
Pack Test Depth of Voltage Level 

Nmer  Temperature Discharge ( M i  1 l i  volts) Resistors (Ohms) 

60A oo c 25 400 3 

1 2A 25' C 25 400 1 

24A 25' C 40 400 1 

48A 4oo c 25 400 0.5 

(1) Pack 48A was changed t o  0' C after 528 cycles 
w i t h  the following parameters: Depth of Discharge, 40 percent; 

3 ohms on each cell. 

6. Test Results : 

(1) Performance on Cycl 
cling of Packs 60A, 12A 
5650, 1698, 665 and 511 

2 



* 

of discharge was increased from 25 t o  40 percent. Cycling was 
discontinued after cycle 5110 becase the cells would not operate 
satisfactorily over the entire terrrperature range of 0' t o  40" C. 
Additional data a t  0' ould be of l i t t l e  value i n  evaluating t h  
cells for space applic 

before i t  was discontinued for the same reasons gtven for Pack 48A. 

Space F l i g h t  Center and the manufacturer resulted i n  the decision 
to  forego failure analyses o f  these cells since i t  w a s  believed 
their poor performance w a s  the result of questionable processing. 

( d )  Pack 60A, a t  0' C ,  conpleted 5650 cycles 

(e) Failure Analysis: Consultation w i t h  Goddard 

aci ty Checks : The ampere-hour capaci ties on 
the capacity check cycles are as follows: 
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. Q  
ECKS 

O0 O0 25' 

Depth o f  D i  s ch arge 2 5% 40% 25% 

60A 48A 12A 

100 Cycles 15.00 5.30" 8.90 

88 Days Disch #2 15.10 15.20 ** 
176 Days Disch #2 14.60 15.10 

264 Days Disch #2 11.50 

2 5 O  

40% 

24A 

9.10 

** 

* Pack 48A capacity t e s t  discharges a t  this point were 
a t  anbient temperature o f  40' C. 

because o f  e a r l i e r  losses o f  capacity. 
** Capacity check a t  88 days (1440 cycles) was not run 
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7. 12.0 ah' (Nickel- adm mi Packs , 1.5-ho 

a. Cell Description: These cells are rectangular i n  
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as 1/4-20 threaded posts. A 
stainless steel tab is  welded t o  the cell cover for the auxiliary 
electrode term1 nal . One auxi l i  ary electrode was welded i ntemally 
t o  the negative terminal and the other one was welded to the cell 
container. A resistor is  mounted externally between the auxiliary 
electrode and the negative terminal. (See Section I1 , Paragraph 
II  .B. ,  for description of control u n i t . )  

Pack 
Nuther 

58A 

72A 

128 

248 

36A 

34A 

b. Test Paramters': 

Percent 
Test Depth of 

Temperature Discharge 

0" c 25 

0" c 40 

25" c 25 

25" C 40 

40" c 25 

40" C 40 

c. Test Results: 

Tri p 
Voltage Level 
( Mi 1 1 i vol ts ) 

500 

500 

500 

500 

500 

500 

Auxi 7 i ary 
E 1 ect rode 

Resistors (Ohm) 
6.8 

6.8 

6.8 

6.8 

6.8 

6.8 

(1) Performance on; Cycling: Cycling was started i n  . Packs 584, 72A, 12B, 248, 36A and 34A were discon- 
cles 136 304, 404, 38, 75 and 65 respect 
excessive capacity losses i n  relatively 

reflected i n  the capacity check data. 



ty Checks: The ampere- 
c i t y  check cycles a 

(a) Pack 58A, a t  0" C: Precycl ing capacit ies 
were 17.4 anpere-hours on the f i r s t  discharge and 16.6 ampere-hours 
on the second discharge. A f t e r  133 cycles the  pack was again given 
a capacity check and del ivered 16.0 ampere-hours on the f i r s t  d i s -  
charge and 15.7 ampere-hours on the second discharge' 

(b) Pack 72A, a t  0" C: Precycl ing capacit ies 
17.4 ampere-hours on the f i r s t  discharge and 16.4 ampere-hours 

he second discharge. A f t e r  377 cycles the  pack was again given 
a capacity check and del ivered 15.6 ampere-hours on the f i rs t  disd 
charge and 15.6 ampere-hours on the second discharge. 

(c)  Pack 12B, a t  25" C: Precycl ing capacit ies 
were 15.9 ampere-hours on the f i r s t  discharge and 10.5 ampere-hours 
on the  second discharge. A f t e r  401 cycles the  pack was again given 
a capacity check and del ivered 6.8 ampere-hours on the f i r s t  d is-  
charge and 7.2 ampere-hours on the second discharge. 

(d) Pack 248, a t  25" C: Precycl ing capacit ies 
were 17.2 ampere-hours on the f i r s t  discharge and 15.1 ampere-hours 
on the second discharge'. A f t e r  38 cycles the  pack was again given 
a capacity check and del ivered 4.6 anpere-hours on the f i r s t  d is-  
charge and 6.8 ampere-hours on the second discharge. 

(e) Pack 36A, a t  40" C: Precycl ing capacit ies 
were 12.1 ampere-hours on the f i r s t  discharge and 6.3 anpere-hours 
on the second discharge. Af ter  56 cycles the  pack was again given 

~ a p a c i t y  check and del ivered 3.5 ampere-hours on the f i r s t  dis-  
arge and 2.6 ampere-hours on the second discharge. 

) Pack 34A, a t  40" C: Precycl ing capaci t i e s  
on the f i r s t  discharge and 6,7  anpere-hours 

f t e r  43 cycles the pack was ag 
ours on the f f  

) Fa! l u r e  ~ a l y s e s :  ~ o n s u l  t a t i o n  w i th  
enter  and t b  e ~ a n u f a c t u  
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e 5 , O  ckel-@a 
1 .5-k 01, (Pa 1: 

(1) Test Terrperature: 25' C. 

f Discharge: 25%. 

(3) Auxiliary Electrode Resistors: All 1 ohm. 

ollowing the low end-of-discharge voltage 
condition of one cell between cycles 1110 and 1136, the auxiliary 
electrode resistors on each of the five cells were changed t o  50 
ohms a t  the request o f  Goddard Space Flight Center, t o  note any 
changes i n  the cell voltage characteristics. 

c. Test Results: 

1) Performance on Cycling: Cycling w a s  started 
Thls pack failed on cycle 1179 due t o  failure 

plate material 
; and imbedded i n  on was a piece of extraneous plastic 

i n  November 1967 
o f  three cells a t  t ha t  time as a result of severe migration o f  

The positive plates of one cell were 

ere-hour capaci ty on 
P re 
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9. Y~rdney 92.0 ah (Silver-~admlum Two 5-cell 

a. Cell Description: The cells are rectangular i n  
shape. The cell ja rs  and covers are molded o f  a p las t i c  material. 
A fuel cell type auxiliary electrode for gas reconbination was 
installed i n  each cell by Goddard Space Flight Center before being 

dually epoxy potted wlth a wrap o f  fiberglass material t o  
ical ly  seal and strengthen them. 

b e Test Parameters : 

Pack Test Percent Depth Auxiliary Electmde 
Number Temperature o f  Discharge Resistor (Ohm) 

21 D oo c 43 1 

9F 4oo c 43 1 

c. Test  Results: 

(1) Performance on Cycling: Cycling was s ta r ted  
i n  June 1967. 

(a )  Pack 21D: T h i s  pack fa i led  on cycle 60 
due t o  low capacity o f  several cells. 

(b) Pack 9F: The f i r s t  of four cell fa i lures  
occurred on cycle 258, the second on cycle 288, and the remaining 
two on cycle 310. 

(c) The two packs were returned t o  Goddard 
Space F l i g h t  Cente for analysis e 

(2) Capaci ty Checks : 
cycling and capaci t y  check 

anpem-hour caphci ties 
es are as fo 

21 B 9F 

cyeli ng Capacity 4.33 5.53 

100 Days 8.33 

200 Days 7.68 

273 B 5.33 
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B e  ~ t ~ b i s t e r :  The ~ t a b i s ~ o r  is a semiconduc 
ully charged cell 
ge across i t  has 
ge depends upon t 

the stabistor. A t  higher temperatues the breakdown voltage i s  
lower t h a n  a t  cold temperatures. Across the terminals of each cell 
is mounted a 5-ampere stabistor t o  limit the charge current, and an 

a1 diode t o  prevent cell reversal on discharge. 

1 e Sonotene 5.0 ah (Nickel-Cadmium) Eight  5-cell Packs 
1.5-hour Or-bit Pe 

a. Cell Description: These are cyclindrical cells 
made of stainless steel. Two stainless steel tabs are welded t o  
the cover for the negative connections. The positive terminal i s  
an extension of the positive plate t ab  and is insulated from the 
"negative" cover by a ceramic seal. Two r i n g  indentations , about 
1/32 inch deep, located approximately 7/8 i n c h  from either end o f  
the cell can, were crimped after cell assembly t o  hold  the element 
snugly i n  the cylindrical can. T h i s  type cell w a s  used i n  the 
TIROS (Television Infrared Observation Satellite) satellf te. 

b. Test Parameters : 

(1) Xni ti a1 Test Parameters : 

Pack 
Number 

75c 

89B 

9 2A 

122B 

73B 

87B 

99B 

28' 

Test 
Tenperat ure 

-20° c 
-2ao  c 

oo c 
O 0  c 

25' C 

25' C 

4oo c 
40" c 

Percent Depth 
of Discharge 

25 

40 

25 

40 

25 

40 

25 

40 
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28 d id  not  cy6 e sat is facto 

p a r a ~ t e ~  unchanged~ 

necessary t o  recharge a l l  packs a t  the 
the 5-ampere s tab is to r  (wi th heat sink) 
was designed t o  maintain the proper 

stab1 s t o r  temp ature f o r  the correct breakdown voltage when shunt- 
i n g  the 5 ampe 

c,  Test Results: 

(1) Performance on Cycling: Cycling was s tar ted i n  
August 1965. Pack 75C fa i led  on cycle 2145, pack 898 on cycle 1530, 
pack 92A on cycle 8774, pack 1228 on cycle 5190, pack 738 on cycle 
4742, pack 878 on cycle 2392, pack 99B on cycle 4399, and pack 1128 
on cycle 3294, The breakdawn voltage o f  the stabistors was too high 
f o r  proper voltage l im i t i ng ,  thereby resu l t ing  i n  excessive gassing 
and high in te rna l  pressure. This  i n  tu rn  caused leakage as evidenced 
by carbonate deposits around the ceramic seal o f  the terminal o f  26 
o f  the 29 f a i l e d  ce l ls  o f  which the containers o f  23 ce l l s  were 
bulged. Other conditions found during the f a i l u r e  analysis were 
excess scoring, migration o f  the negative p la te  material, weak tab- 
to-plate welds , ceramic shorts , separator deteriorat ion, b l i s t e r i n g  
on the pos i t ive plates loosened active material, and extraneous 
act ive materi a1 . 

(2) Capaci ty Checks : The amgere-hour capaci t i es  on 
nd capaci ty check cycles are as follows : 
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RECY 

1 .5- hour 

-20' -20' 0' 0' 25' 25' 40' 40' 

e 25% 40% 25% 40% 25% 40% 25% 40% 

75C 898 92A 7228 73B 878 99B 1128 

P r e c y c l i ~ g  Capacity 4.92 4.96 3.38 4.13 5.33 5.50 4.21 3.71 

88 Days Disch #2 1.21 2.58 2.75 2.33 2.33 3.66 1.88 1.04 

b 

176 Bays Disch #2 1.71 1.50 1.29 1.50 

264 Days Disch #2 0.75 0.79 1.17 

352 Days Disch #2 * * 
440 Days Disch #2 1.38 

* Cell f a i l u r e  occurred during capacity check. 
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C. Coulometer: (See Section I I ,  Paragraph II,C., for descrii- 
ti on o f  cadmi urn-cadmi urn coulometer.) 

10-cell Pack 1.5-hour Orbit  Period (Pack 39B) : 

w i t h  a folded neoprene seal as described i n  Section I I ,  Paragraph 
I .A .5  .a. 

of 6 .O ampere-hours. 

1.  Gulton 3.6 ah (Nickel-Caddurn w i t h  Neoprene Seal) One 

a. Cell Description: These are cycl i ndri cal cells 

b. The coulometer used w a s  b u i l t  by GE w i t h  a capacity 

c. Test Parameters : 

(1) Test Temperature: 25' C. 

(2 )  Depth of Discharge: 40%. 

d. Test Results: 

(1) Performance on Cyclfng: + l ing  w a s  s tarted i n  
November 1965. This  pack completed 5399 cycles before failure by 
self  destruct ion. Duri ng recharge fol 1 mi ng the fi  rs t capaci ty 
check af ter  cycle 5399, one or more cells of the seven cells cycling 
shorted and caught fire. All seven cells were completely destroyed 
thereby preventing failure analysis. The coulometer failed af ter  
1868 cycles due to loss o f  capacity. The end-of-discharge voltage 
improved af ter  a new coulometer was placed i n  the pack. 

( a )  The first  three cell failures occurred a t  
cycles 2182, 4949 and 4976. The three cells showed migration o f  
negative plate material and separator deterioration. The positive 
plates of the three cells had loosened active material and were 
blistered. The welded seam of each o f  the three cells shewed 
leakage as evidenced by deposits e 

( b )  The cadmi urn-cadmium coulometer 

I 

shorting caused by cadmium migration throug 
layer of nonwoven nylon separator. Because of this cadmium migra- 
t i o n ,  the coulometer must have at  least  twice the amount of plate 
separation as wgular nickel-cidmium cells also r e q u i r i n g  the cells 
t o  be operated i n  the flooded state t o  keep the internal resistance 
dawn 
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cks: The arnp 
t h  e k cyc1~s am 

mcycllng 3.06 

88 Days 2.07 

176 Days 2.01 

264 Days 2.55 

352 Days 1 e 7 1  
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2. Gulton 4:0 ah (Ni ckel-Cadmi urn) I) Seven 5-cell Packs 
.5-hour Orbit Period: 

a. Cell Description: These are rectangular sealed 
cells of comnercial grade. The containers and covers are  of a 
p las t ic  material. They were epoxy potted i n t o  5-cell packs with 
a coulometer a t  the Goddard Space F l i g h t  Center i n  order t o  
hermetically seal the cells and the coulometer before test. 

b . Test Parameters : 

Pack Test Percent Depth 
Number Temperature o f  Discharge 

40C -20" c 25 

52B 0" c 25 

26C 25O c 15 

14C 25" C 25 

37c 25" C 40 

380 25" C 60 

39 c 40" c 25 

c. Test Results: 

(1  9 Performance on Cycli ng: Pack 406 fa i led  d u r i n g  
precycling capacity checks a t  -20" C. Cycling o f  the remaining s i x  
packs started i n  March 1967. The f i rs t  cell  fa i lure  occurred on 
cycle 5685 for  pack 52B, on cycle 11,455 fo r  pack 26C, on cycle 2428 
for 14C, on cycle 790 f o r  37C, on cycle 1927 fo r  38D and on cycle 
I508 for 396. A t  the request of Goddard Space Flight Center, cyc19ng 
of any pack w a s  stopped upon failure of  any cell w i t h i n  the pack 
since there was no way  of physically o r  e lec t r ica l ly  removing the 
fai led ce l l s  from the pack. No failure analyses were performed 
because failure of these comnercial celjs w a s  due t o  h i g h  internal 
pressure because too mch electrolyte  i n  the cel ls  prevented gas 
reconbination t o  occur which  caused the cells t o  rupture. 

t 
(2) Capacf ty Checks : The ampere-hour capaci ties on 

ng and capacity check cy 
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Temperature - 20" 0" 25" 25' 25" 25" 40" 

f Discharge . 25% 25% 15% 25% 40% 60% 25% 

Pack Number 40C 52B 26C 14C 37C 386 39C 

Precycl i ng Capaci ty * 4.43 4.67 4.23 5.03 4.57 3.30 

88 Days Disch #2 4.10 3.10 3.50 1.87 1.13 

1 76 Days Disch #2 3.37 2.43 

264 Days Disch #2 2.33 3.37 

352 Days Disch #2 3.w 3.37 

440 Days Disch #2 3.40 

528 Days Disch #2 2.33 

616 Days Disch #2 1.33 

704 Days Disch #2 0.93 

* Pack f a i  l u r e  occurred dur ing precyc l i  ng capaci ty check. 
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3. Sonotone 5.0 ah, One 5-ce l l  Pack, 1.5-hour 0 

a. Gel 1 Des c r i  p t i  on : 

(1) The ce l l  container and the  c e l l  cover are made 
o f  s ta in less s tee l .  Two sta in less s tee l  tabs, welded t o  the cover, 
serve as contacts f o r  the negative terminal e The pos i t i ve  terminal 
i s  a so lder  type extension of the pos i t i ve  p la te  tab through the  
center o f  the  cover. The pos i t i ve  terminal i s  insu la ted  from the 
"negative" cover by a glass t o  metal seal. Two r i n g  indentations 
about 1/32 inch deep, located approximately 7f8  inch f r o m  e i t h e r  
end o f  the  c e l l  can, were crimped a f t e r  c e l l  assenbly t o  ho ld  the 
element snugly i n  the cylindrical can. 

b. The coulometer used was b u i l t  by the Goddard Space 
F l i g h t  Center. 

c. Test Parameters : 

(1) Test Temperature: 25' C. 

(2) Depth o f  Discharge: Started a t  80 percent bu t  
w a s  lowered by steps o f  10 percent u n t i l  the pack operated sat is fac-  
t o r i l y  a t  30 percent depth o f  discharge. 

d. Test Results: Cycling was s ta r ted  i n  August 1954. 
Upon completion o f  a t o t a l  o f  13,540 cycles a t  the various depths 
o f  discharge l i s t e d  below, cyc l ing  was stopped because the coulom- 
e t e r  developed a shor t  and could not  cont ro l  the cyc l ing  operation 
any longer. 

The end-of-discharge voltage dropped below 1 .O vo l t .  
(1) A t  80 percentp the pack completed 59 cycles e 

(2) A t  70 percent,i the pack completed 61 cycles. 1 

(3) A t  60 percent, the pack completed 55 cycles 

(4) A t  50 percent, the pack corrpleted 90 cycles 

The end-of-discharge voltage again dropped below 1 .O vo l t .  

before the end-of-discharge voltage f e l l  below 1 .O vo l t .  

the e n d - o f ~ d i s ~ ~ a r g e  voltage f e l l  below 1 .O vo l t .  

before the en scharge voltage fe .Q vo l t .  
A t  40 percent, the l e t e d  250 cycles 
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ck c o ~ l @ t e d  13,02 
The e n $ - o f ~ d i $ ~ a  

ge, w i t h  an end-of- 
er cell , average, over the entire cycle l i fe .  
, as controlled by the coulometer, ranged 

f r o m  104 to 111  ~ e r ~ e n ~  with an average value o f  106 percent. 
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awn Cycling: This type of cyclirag s t  
letely discharged condi t ion.  Each cycle 
60 percent followed by a discharge of 40 

11 's rated capacity. Upon completion of each 
fifth cycle, the cells are discharged through resistors for 90 
additional minutes t o  return the cells t o  the completely discharged 
mndi t ion (bleed portion of cycle) for the s tar t  of the next 
sequence o f  five cycles. In this manner, the cells operate bel 
the 100 percent charged state much of the time thereby preventing 
overcharging and bui ldup of excessive gas pressure. 

1. Test Equipment: The charge and discharge currents for 
the pack are supplied by a pawer supply. The rates and cycling 
regimen are .controllt!d by the Sherfey cycling u n i t  w h i c h  contains 
the resistors used t o  completely discharge the cells after each 
fif th cycle. The cycle t iming is done by wing a synchronous 
motor timer. 

2. Gulton 3.6 ah (Nickel-Cadmium w i t h  Neoprene Seal), One 
10-cell Pack, 1.5-hour Orbit Period: 

a. Cell Description: These are cyclindrical cells w i t h  
a folded neoprene seal as described i n  Section 11, Paragraph 
I I  .A.4.a. 

b. Test Parameters: 

(1) Test Temperature: 25' C. 

( 2 )  Depth of Discharge: 40%. 

c. Test Results: Cycling w a s  started i n  Septenber 1965. 
T h i s  pack failed on cycle 5505. Each of the cell failures w a s  caused 
by the loss o f  electrolyte around the weld between the cell contalner 
and cell cov~r .  Because of this leakage, which  began a t  the start 

i n g ,  hhe cells began t 
ase. The end-of-char 

lly t o  1 .a volts 
l i fe  reflecting the effects of the dry ing  ou 
su~cess~ve  d i s  
the ~ n d - o f ~ ~ ~ s  

11s. On ea& 
rge following the bleeding of every fifth cy 

increased about 0.02 volt pes ce 
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ically crossed over t o  
aSes t o  a predetermined 
e t  t o  the lower voltage 
ltage of the battery. 
ge limit u n t i l  the charge 

T h i s  method prevents 
the cells from becoming unbalanced dur ing  long charge periods. 

supplied by a u n i t  de 
two-step regulator, designed by the Goddard Space F l i g h t  Center, is 
used t o  control the r t e  of charge and the voltage limits. 

24-hour O r k i t  Period: 

1 Test Equi n t :  The charge and discharge currents are 
bed i n Section VI , Paragraph I .B .l. The 

2.  Delco-Renly 25.0 ah (Silver-Zinc) , Two 10-cell Packs, 

a. Cell Description: These cells are rectangular i n  
shape w i t h  sealed nylon cases. Each cell was individually epoxy 
potted by the manufacturer, The positive p l a t e s  have one percent 
of pal ladium added t o  the active material. 

b. Test Parameters : 

(1) Test Temperature: 25" C. 

Discharge: 40%. 

(3) Upper \dol t a  L i m i t :  1.97 20.03 volts per 

( eve1 : 0.35 anrps. 

.87 5 0,03 volts  

er 
965, 
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the m a n u f a c t u ~ r  f o r  analysis. This ana 
z inc plates were i n  be t te r  condit ion (very 19 t t l e  shape change) 
than plates s f  p 
s t i l l  a problem, 

1966. This pack completed 90 cycles w i th  three c e l l  fa i lures.  
The t e s t  was discontinued a t  tha t  time. The ce l l s  were returned 
t o  the manufacturer; no report on the f a i l u r e  analysis has been 
received. 

les,  but t ha t  s9lver penetration was 

(b) Cycl5 ng o f  pack 9E was s ta r ted  i n  October 

H 
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Va (Si l v e ~ ~ i n c  One 10-cell P 
2 t 57c) : 

scription: These ape vented cells, rectan- 
e cell jars and cell covers molded o f  a 

11s were individually poxy pot ted  t o  hermetically seal them. 
pl as ti c materi a1 e contain a limited amount o f  electrolyte. 

b. Test Parameters: 

(1) Depth of Discharge: 31%. 

( 2 )  Upper Voltage L i m i t :  

(3) Low Current Level: 0.10 amperes. 

1.98 5 0.03 volts per 
cell average. 

(4) Lower Voltage Limit: 1.86 5 0.03 volts per 
cell,  average. 

(5 )  T e s t  Temperature: 25" C for 100 cycles; then 
0' C for 100 cycles. Repeat until pack failure occurs. 

c. Test Results: 

(1)  Performance on Cycling: 
December 1966. T h i s  pack completed 281 cycles w i t h  one cell failure. 
The failed cell began leaking electrolyte after 137 cycles. The 
cells operated very well a t  both temperatures. Because o f  the 
difficulty i n  changing the voltage limits, as set by the two-step 
regulator, Goddard Space Flight Center requested t h a t  the test  be 
discontinued. 

Cycling w a s  started i n  

i t y  Checks: Each cell was discharged t o  
volts and the ampere-hour cap 
o f  cycling the capacities ran 
After 203 days of cycli ng t h  
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anical Pressure Devices: (See Section I[ 
description o f  internal mechanical press 

devi ces . ) 
1 .5-kour and 3-hour Orbit Periods : 

1. Sonotone 20.0 ah (Nickel-Cadmium), Five 10-cell Packs 

a. Cell Description: These cells are rectangular i n  
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by a 
teflon seal and protrude th rough  the cover as a threaded terminal. 
Each cell is also f i t t ed  w i t h  a pressure relief valve. Cells 1 
through 5 i n  each pack are standard cells; cells 6 through 10 
contain a stainless steel eliptical  s p r i n g  which  supplies the 
pressure t o  the face of the plates. 

b . Test Parameters : 

Pack Test Percent Depth 
Nunber Temperature of Discharge 

1 OA 25O c 25 

22A 25' C 25 

34B 25O C 40 

46 A* 25O C 40 

7 2B 2 5 O  C 75 

* T h i s  pack has an o r b i t  period o f  3 h o u r s ;  
a l l  others are 1.5 h o u r s .  

c, Test Resul ts : 

(1) Performance on Cycling: Packs 348 and 72B 
failed on cycle 5634 and 1143, respectively. 
same equi pment or replacement cells pack 1OA was discontinued on 
cycle 7188, pack 22A on cycle 6664, and pack 46A on cycle 3501. 

In order t o  use the 

( a ]  Shortly af ter  the s t a r t  o 
i ~ t e ~ n a l  pressure 

e Cycling was 
k lOA, 599 cycles on 
pack 46A, and 609 
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conti nuat i on of the 
fled cells were analyzed a t  NAD 
entative took the remaining nine 

he cause for  the 
1 and spr ing loaded 

(c) After completion o f  his testing, the manufac- 
turer reconmen d that new relief valves be instal led,  the cells be 
reconditioned, and the charge current be reduced from 20 t o  15 
amperes on packs 228, 34B and 46A. I t  w a s  necessary t h a t  the charge 
rate on pack 728 remain a t  20 amperes because o f  the deep depth of 
discharge. The packs were then returned t o  cycling. 

(a )  Analysis of  five of the f i rs t  14 failed 
cells shaved the major cause t o  be the p la tes  shorting against  the 
cell case because o f  the high internal pressure. 

(b) Analysis of the 24 cells t h a t  failed after 
the test modification showed the major cause of failure t o  be 
migration of the negative plate  materi a1 and separator deterioration 
i n  both the control and s p r i n g  loaded cells. 

the precycling and capacity check cycles are as follows: 
(3) Capacity Checks : The ampere-hour capaci ties on 

0 1.5 1.5 .5 3.0 1.5 

25O 2 5' 2 5' 2 5' 25' 

Bept 2 5% 25% 40% 40% 75% 

OA 22A 34B 46A 725 

city 28.7 28,8 29.7 25.7 26.2 

#2 22.5 2 .3 20.0 24.3 

76 Days Disch #2 22.2 7.7 3.5 5.2 

, 3  23.5 

352 D ,7 
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SECTION V 

TEST FACI L I T 1  ES 
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Q%/C 7%- 

c foo t  c h a ~ e r  m a n ~ ~ a  

A 27 cubic foo t  cha ~ a n u ~ a c t u ~ e ~  by the 
r i n g  Corporation, Mo F-27-40 ternperature 
t o  w i t h i n  +-- 1.5" C. 

i c  f oo t  chamber ~anufactured by Tenney 
40240 temperature controls accurate 

t o  w i t h i n  - + 1.5' C. 

e 25' 6: Packs 611 ng a t  25' C a 
condi c r i  t i c a l  equi pment e The 
tempe - 

40" C :  A 12 cubi c foo t  chamber m a n u f a c t u ~ d  b 
W-12-510 temperature controls accurate t o  w i  

+ 1.5" C. 

6 .  0" - 40" C: A 12 cubic foot cha e r  manufactured by 
cs Inc., Model UCH 3226-8, temperature con- 

i n  + 1.5' C. The chamber operates on a 48- 
t ~ ~ e r a t u r e  increases f m 0" t o  40" 6 

s t o  0' C thereby completing the cycle. 

; 

e Control Units: 
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sponding output f o r  

2. ~hotograph 1 shows a f r o n t  v i  o f  several charge- 
discharge un i ts  e 

e r  Voltage Limi t Moni t o r i  ng Sys tem: 

e Each pack i s  connected t o  i t s  awn lower l i m i t  vo l t -  
meter which sets o f f  an alarm comnon t o  the system and turns on 
an i d ~ n t i f y i n g  l i g h t  f o r  the p a r t i c u l a r  pack when the terminal 
voltage o f  the pack f a l l s  below a preset l i m i t .  Photograph 2 
i s  a p i c tu re  o f  the lower voltage l i m i t  monitoring system. 

2. An addi t ional  system i s  used t o  scan each ind iv idua l  
c e l l  voltage. When the voltage o f  any c e l l  i s  found t o  be out- 
s ide the preset upper o r  lower l i m i t s ,  the system automatical ly 
sets o f f  the alarm and the i d e n t i f y i n g  l i g h t  i n  the lower voltage 

ng system and a lso dlsconnects the current leads o f  
t h a t  pack by de-energizing a relay,? The system includes a 900- 
po in t  modif ied crossbar scanner which scans continuously a t  a 
r a t e  o f  330 designated c e l l  voltage points pe r  minute, so tha t  

Voltages are measured by 1 .l’s scanned e 
frequency con quency counter. The s ~ a n n i n g  

oggi ng Sys tem: 

e B r i e f  Summa 
I 

9 
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time. 

Des cri  p t i  on : 

m is designed t o  cord data from 30 
data channels by sa  and scanning the p u t  voltages e The 
data is converted t code by a precision amplifier and a 
h i g h  speed analog t o  digi ta l  converter and is presented se r i a l ly  
by character to  the paper tape punch for  storage of the data, 
Fjgure 86 i s  a block ~ iagram o f  the data logging system. 

b. The system measurements are either timed and 
control led by the system's digi ta l  clock ~ t -  manually controlled 
by the operatpr, Addi tiona features of the system prov 
a typed report; of the s tored  data. 

c ,  The system has 36 4 nput channels a O f  theses 
channels 1 t o  10 have a full scale i n p u t  of 10 volts and measure 
cel l  voltages. Channels 11 and 13 have a full sca le  range of 
20 volts and measure tht!  to ta l  pack voltages. Channels 12 and 
14 have a full scale range of 100 mill ivolts and measure the volt- 
age across 100 m i  t current shunts. 

d. All o f  these i n p u t s ,  1 t o  14, are sample and hold 
type i n p u t s .  They are sampled simultaneously fo r  400 milliseconds e 

The attenuated i n p u t  signal voltages, a l l  of w h i c h  are normalized 
t o  100 mill ivolts full  sca le ,  are stored on h i g h  quality capaci- 
t o w  The scanner then sequent1 al ly  scans these capacitors for  
data readout. T h i s  technique is used t o  eliminate any difference 
i n  time between the f readings. The accuracy o f  
these channels is - + 0 full  scale reading. 

sed for cell  pack identif  
des selection for monito 

ides an o u t p u t  from which the 
fied. T h i s  output voltage Is  
n t i fy ing  the pack. The 
these readings w i t h  specifs'c 

a 

t ~ ~ o u g h  30 are 1 
1 designed t o  mon 
cent o f  ful l  scale.  T' 
ge tha t  can e x j s t  be 
olts. If  the cornon 
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QE/C 7%- 

value, accurate readings can no longer b taken. (Common mode 
ages o f  over 20 vol ts may damage the d i  f e ~ n t i a l  anpli f i e r .  

g. Cycle time f o r  t h i s  system i s  l e s s  than 4 seconds 
f o r  a l l  30 channels. The readout system, a Ta l l y  Mark 45P, i s  
capable o f  receiving data f r o m  the analog t o  d i g i t a l  converter, 
f r o m  a prepunched paper tape, o r  f r o m  the Select r ic  typewriter by 
manual input and may be programed t o  p r i n t  out the data, o f f  l i ne ,  
i n  any desired format. 

3. Sys tem Operat i on : 

a. During the scanning process each channel i n  tu rn  
i s  routed t o  the input  o f  a high impedance d i f f e ren t i a l  anp l i f i e r ,  
the gain o f  which i s  automatically switched between 100 ( the amount 
used f o r  the high leve l  charnels) and 1000 ( the amount required 
for the low leve l  channels). The sensing f o r  the gain change i s  
supplied by the relay drivers. Provisions are made t o  el iminate 
ampl i f ier  d r i f t  whi le sampling voltage across the storage capaci- 
t i o rs .  The output o f  the ampl i f ier  i s  applied through a low pass 
f i l t e r  a t  the input o f  the analog t o  d i g i t a l  converter. The 
analog t o  dig’ l tal  converter i s  then given a comnand t o  read. 

b. The analog t o  d i g i t a l  converter changes the 
analog signal  t o  a binary coded decimal signal. A se r ia l i ze r  
sequentially sends one d i g i t  a t  a time from the output o f  the 
clock o r  f r o m  the analog t o  d i g i t a l  converter t o  the perforator 
driver. The zero generiitor and the pa r i t y  generator maintain 
the proper d i g i t a l  format f o r  punching paper tape and operating 
the Select r ic  typewri ter  i n  the Tal ly  Mark 45P system. The 
punched-paper-tape code i s  compatible w i th  IBM binary coded 
decimal code (Holl  e r i  th) . 

4, System Controls: 

a, The 30-position data scanner has several modes 
o f  operati on. Mode switch may be set  t o  continuous cyc l i  ng, 
preset cycle, s ing le cycle, s ingle step, and manual select. I n  
the continuous cyc l ing pos i t ion the scanner continues t o  sample 
the data a t  a ra te determined by the d i g i t a l  clock. I n  the 
present cycle pos i t ion  the scanner takes a sample of the data 
at  a time determined by the preset t i m e  selector. 
cycle pos i t ion the scanner samples the data once each time the 

I n  the s ingle 

24 1 



switches e When i n  e i t h e r  of the  two manual modes a reading i s  
taken by pushing the p r i n t  button. The scanner has two f r o n t  
panel displays, one f o r  channel number and one f o r  voltage, A l l  
system functions are tlmed by a un i junct ion o s c i l l a t o r  and are  
cont ro l led  by l o g i c  c i r c u i t s  i n  the scanner assenbly. 

E. Central W i  ri ng Panel : 

1. A l l  e l e c t r i c a l  connections are made through a 
cent ra l l y  located w i r i n g  panel which houses the current shunts and 
a plug-.in panel. Photograph 5 shows the f r o n t  view o f  the central  
w i  ri ng panel. 

F. Pack Selector Switch: 

1. Up t o  s i x  10-cel l  packs and twelve 5-ce l l  packs may be 
plugged i n t o  a se lec to r  system from the central  w i r i n g  panel. 
Through reed relays operated by a se lec tor  switch, any o f  these 
packs may then be connected t o  the input  o f  the data logging 
system. This arrangement allows a l l  currents and c e l l  and 
thermocouple voltages f o r  a l l  18 packs t o  be recorded by the data 
loggi  ng system w i t h i n  48 seconds 

2. The switching system also provides a voltage t o  iden- 
t i f y  the selected pos i t i on  and which is* automatical ly recorded 
as par t  o f  t he  data f o r  the pack selected. 

3. Photograph 4 shows the pack' se lec to r  switch located 
on top o f  the data logging system. 

G. Block Diagramtof Ent i re  Test Setup: Figure 87 shws  the  
arrangement from the packs a t  each o f  the  s i x  a b i e n t  tempera- 
tures t o  the central  w i r i n g  panel. Leads from the central  w i r i n g  
panel connect a l l  packs and/or ce l l s  t o  the  charge-discharge un i ts  
and the 28 v o l t  DC source o r  c o m r c i a l  p w e r  supplies, the  c i r c u i t  
re lay swi tch i  g system, the voltage l i m i t i n g  m n i t o r i n g  system and 
the data logg 6 ng system. 

H. Photogra~h o f  Test Area: Photograph 6 shows the o v ~ r a l l  
a ~ r a n g e ~ n t  o f  the t e s t  equi pment described above. 
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SECTION V I  

EQUIPMENT AND PROGRAMS TO BE ADDED TO THE CYCLE 
L I E  TEST PROGRAM 
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